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Effects of sophisticated drainage techniques on groundwater
level and drainage water quality on acid sulphate soils
- Final report of the HAPSU project
On the coastal plains of western Finland many streams are periodically, during
snow melt in spring and heavy rains in autumn severely acidified and heavily
loaded with toxic metals. This gives rise to hydroecological problems. Methods like
intensified surface liming and drainage techniques such as controlled drainage and
lime filter drainage have been suggested to abate environmental problems induced
by acid sulphate soils. The effectiveness of these techniques on drainage water
quantity and quality has been studied on plot scale within the HAPSU project on
two sites in Finland: Ilmajoki (1998-2002) and Mustasaari (1999-2001). Primarily,
within this research work an insight into two different types of acid sulphate soils,
i.e. those at Ilmajoki and at Mustasaari, was gained as well as insight into their
variable effect on drainage water quality described by pH, acidity and SO4-S, Fe, Mn
and Al concentrations. The results indicate further that e.g. a rise in pH can be
achieved using lime filter drainage - this effect is even strengthened by combination
with control drainage - but that the effectiveness is dependent on the state of
development of the acid sulphate soils, i.e. their location in respect to the current
sea level. Decrease of the groundwater level owing to strong evapotranspiration in
summer in these areas could not be prevented by control drainage.
- Final report of the HAPSU project
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Background and theory
On the coastal plains of western Finland a large number of streams are periodically
severely acidified (pH down to 2.8) and heavily loaded with toxic metals such as
aluminium (Al concentration, up to 250 mg l-1), manganese (Mn concentration, up to
15 mg l-1), nickel (Ni concentration, up to 1 µg l-1) and cadmium (Cd concentration, up
to 10 µg l-1). The reason for the low pH values and high metal loads in these streams
is an extensive leaching of acidic soils (pH 2.5-4.0), which are widespread across the
coastal plains. The sulphate (SO4
-2) in acid sulphate soils goes back to the era 7500-
2500 years BP, the warm Littorina period, when soils were covered with sea water.
When these sediments are drained, either naturally by isostatic land uplift or artifi-
cially by ditching, sulphides are oxidised to sulphuric acid resulting in development
of severely acidic soils, commonly referred to as acid sulphate soils.
About 30 rivers on the western coast of Finland suffer from acidity caused by
acid sulphate soils (Rantala, 1991). Fish kills were reported in river Kyrönjoki as early
as 1834. Mass deaths of fish populations occurred in the fresh water reservoir of
Uusikaupunki in 1968 and around the mouth of river Kyrönjoki and some smaller
rivers in the spring of 1970. In the 1970’s water construction works and the increase in
pipe-drainage of fields were conducive to several large fish kills, and in 1996 about
60-80 tons of fish were killed due to strong acidity of river water (Teppo et al., 1999).
The definition of acid sulphate soils used in Finland has varied from one study
to another. In the surveys of (Erviö, 1975; Palko et al., 1984) a soil was considered an
acid sulphate soil if it had a pH<5.0 in the subsoil (depth of approximately 40-50 cm)
and the soil there contained at least 100 mg SO4-S dm
-3 of soil. More recent surveys in
Finland (Puustinen et al., 1994) have defined virtually all soils with a subsoil pH<5.0
as acid sulphate soils without using the sulphur content as a criterion.
The criterion of pH being less than 5.0 and ignoring the sulphur as a criterion
has resulted in high estimates of the area of acid sulphate soils in Finland (336 000
ha, Puustinen, 1994). Much smaller estimates are derived from the same material if
the criteria of international systems are applied (Yli-Halla et al., 1999). Using the
criteria of the U.S. Soil Taxonomy, the total area of cultivated acid sulphate soils in
Finland is 67 000-130 000 ha. Application of ILRI (International Institute of Land
Reclamation and Improvement) system produced an estimate of 61 000 - 130 000
ha, while the criteria of the FAO/Unesco system produced considerably smaller
area, 43 000-78 000 ha (Yli-Halla et al., 1999). The estimates of the area of acid sul-
phate soils in Finland, according to the international systems, were derived as a
reinterpretation of the material of Puustinen et al. (1994) according to the following
principles (Yli-Halla et al., 1999):
1. If a profile had pH<3.5 in a layer at least 15 cm thick (irrespective of the re-
dox state of subsoil), it is an acid sulphate soil.
2. If a profile had pH<4 even in a thin (< 15 cm) layer and a reduced subsoil, it
was assumed to contain sulphidic material in the reduced zone and it is an
acid sulphate soil.
3. If a profile had a pH>4, throughout, down to 150 cm, it was not considered
to be an acid sulphate soil.
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4. Some profiles had a minimum pH of 3.5-4.0 only in a thin layer (< 15 cm)
and were oxidized down to 150 cm. It was assumed that these soils may
have been acid sulphate soils in the past, but it is not any more an acid sul-
phate soil because it probably doesn’t contain enough sulphur to qualify.
It is the purpose of the international classification systems to differentiate between
the soils which produce hazardous acidity to watercourse from those that do not.
Therefore, acid sulphate characteristics are recognised only when they occur within
150 cm of soil surface. It is likely that sulphidic materials in the drained acid sulphate
soils of Finland are oxidised below 100 - 150 cm due to occasional low groundwater
tables (see e.g. Figures 18 and 20). This means that soils that are not recognised as acid
sulphate soils according to international classification systems may still produce haz-
ardously acidic discharge. Therefore it is likely that the estimates following the inter-
national criteria produce too small areas for the hazardous acid sulphate soils. The
criterion followed by Puustinen et al. (1994), in turn, produces too high estimates
because it may include soils which have already been completely oxidised and leached,
and soils which have never contained sulphidic materials. The minimum pH of 4-5
may be attributed to humic substances. More accurate estimates of the area of soils,
that continue to leach acidity to watercourses are needed nationally in order to locate
those soils that produce hazardous acidity. It was proposed by Greve et al. (2000) that
drained soils with sulphidic materials within 200 cm of the soil surface should be
classified as acid sulphate soils, which export acidity to watercourses.
Over the last 15 years, a variety of studies focusing on different aspects of Finn-
ish acid sulphate soils have been carried out. These include: (1) determination of the
distribution and concentrations of potential toxic metals in plants grown on acid sul-
phate soils (Palko, 1986; Yli-Halla and Palko, 1987), (2) sequential chemical extractions
of the plough layer (Palko and Yli-Halla, 1988) and subsoil horizons (Åström, 1998a,b),
(3) lime requirement studies (Björkqvist and Weppling, 1987; Weppling, 1993; Palko
and Weppling, 1994), (4) oxidation experiments in the laboratory (Hartikainen and
Yli-Halla, 1986; Åström and Björklund, 1997; Åström, 1998), (5) soil-classification work
(Yli-Halla 1997; Yli-Halla et al., 1999), (6) model development (Palko and Weppling,
1995; Hutka et al., 1996), (7) determination of concentrations of major and trace ele-
ments in various soil horizons (Erviö and Palko, 1984); (8) a variety of hydrochemical
studies (e.g. Eden et al., 1999; Åström and Spiro, 2000; Åström, 2001), and (9) determi-
nation of hydrobiological impacts of runoff from these soils (e.g. Vuori, 1995; Kjell-
man and Hudd, 1996).
According to current knowledge, the leaching of acid water can best be abated
applying countermeasures in the soils that cause acidity. The methods available are
intensified surface liming (SL), lime filter drainage (LFD) and control drainage (CD).
Extensive soil surface liming was tested at the Mustasaari experiment site. Differ-
ent kind of liming products, including also slurry lime, were studied. However, none
of these products, not even when used in large amounts, had significant impact on the
drainage water quality during the study period of 1999-2001. Comparable results have
earlier been obtained by Weppling (1997), where topsoil liming only slightly decreased
acidity and respectively increased water pH. One of the technical challenges in surface
liming is to allocate the influence of liming accurately. Lime mixed in the plough layer
cannot be transferred into deeper soil layers using conventional cultivation methods.
Even today, there is no technique available to dose the lime directly into deeper soil
layers in an economical way (Weppling, 1998). Earlier studies also show that a basic
liming level of 10-15 tons ha-1 in acid sulphate soils is adequate for cultivation purposes.
Superfluous lime is mainly lost in runoff waters. This lime neutralises surface waters in
ditches, but not necessarily in the most effective way (Palko, 1988).
In Finland, Palko (1994) introduced a new drainage method, in which 5 –7 %
of CaO is mixed with a soil dug up by a trencher in connection with subsurface
drainage. The permeability of this trench filling material is many times higher than
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it would have been without lime application. According to Palko (1994), this in-
crease is a result of chemical flocculation caused by increased calcium concentra-
tion in the soil water together with hydration of burnt lime. With this technique it
is possible to collect the acid waters and neutralise them effectively. The expected
life-time of LFD implementations on AS soils can be calculated from laboratory
results (Weppling, 1997). A normal subsurface drainage regime will, with a 10 %
LFD filling, have a theoretical life-time of about 10 years (calculated with an annual
300 mm ha-1 runoff value). These calculations will, however, only provide estimates,
since they assume that 100 % of the runoff will pass through the LFD material to
the subsurface drains. The results obtained from Tupos and Laitila in SW Finland
indicated that during the first year after the implementation, an increase of ca. 1.5
pH units was achieved when compared to conventional drainage. Triipponen (1997)
reported later on, that the effectiveness of LFD in Laitila was decreased after the
first year. After a 3-year observation period the average pH of LFD and convention-
al drainage waters differed only 0.1 pH units. The efficiency of LFD has also been
studied in Kinarehenoja in Himanka (Weppling et al., 1999). After the first spring
flood (spring 1998), the water quality in the LFD became neutral or slightly acid. In
addition, a special feature of LFD was noted: in addition to the buffering ability,
acidity was also measured, despite the pH being almost neutral. The acidity con-
tained in the water was a result of unprecipitated iron compounds and was reflect-
ed in the water quality as raised levels of titrable acidity. The monitoring results
from the second year, 1998, indicate however, that the water in the Kinarehenoja
brook was clearly acid despite the fact that around 80 % of all the fields in the area
was covered by LFD. The reason for this fairly poor result was that the LFD area
constituted only 2.3 % of the upper catchment area.
The purpose of control drainage (CD) is to regulate water management of fields,
and thus to reduce e.g. the need of irrigation and to reduce runoff of water and loss
of nutrients from fields. The basic principle of control drainage is to keep the ground-
water level as high as possible during the drier periods of the year to improve cultiva-
tion but to lower it e.g. during spring to enhance drainage of the topsoil after snow
melt and thus allowing earlier soil tillage with heavy machinery. Control drainage is
a drainage system including weir structures, which can be used to control the effi-
ciency of drainage. The weir structures are usually installed in control wells, but they
can also be constructed in open ditches. The weir structures are used to maintain as
high a groundwater table as possible during dry periods in the summer when oxida-
tion of sulphide in acid sulphate soils mostly occurs. Successful use of control drain-
age requires a small field slope (< 2 %) and a high hydraulic conductivity (> about
0.5 m d-1). Consequently, sandy and silty soils are most applicable for control drain-
age. The functioning of CD and the factors affecting N-leaching at field scale have
recently been studied in Lapua (Paasonen-Kivekäs and Karvonen, 1998). The meas-
urements showed that CD works quite satisfactorily in clayey silt soils, which contain
“permanent” macropores. Near the vicinity of the control well, the groundwater lev-
el reacted almost immediately to the changes in the weir level. However, in most
cases, the effect was only local, covering a small area around the well.
The experimental part of this study was conducted in 1998-2002 at Ilmajoki
and Mustasaari sulfidic soils, which have been pipe-drained about 70 and 30 years,
respectively. The project aimed to investigate the functionality of lime filter drains
(LFD), control drainage (CD), surface liming (SL) and the combined method of LFD
and CD. The implementation of the Finnish Agri-Environmental Programme (FAEP)
requires more information on these measures, on the one hand, to be able to assess
their possible effects more accurately, and on the other hand, to inform farmers on
the usability of these actions. The results obtained can further be applied to devel-
op and calibrate the HAPSU model (Hutka et al., 1996) which can be used for com-
paring the long-term efficiency of these different water protection measures.
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Research sites and research
set-up
2.1 Ilmajoki
The Ilmajoki (62.72°N, 22.53°E) field is situated 47 m above the sea level, within the
catchment area of river Kyrönjoki (Figure 1). The site rose above the sea level about
4000 years ago. The field was pipe-drained in the 1930’s after about 100 years of
ditching. Old tile pipes were replaced with plastic pipes in 1996. The study area
consists of four plots, 2 ha each, located on a flat (slope 0.02%) field. Four different
management practices were applied in the field: controlled drainage (CD/P1), lime
filter drains (LFD/P4), combination of controlled drainage and lime filter drains
(LFD+CD/P2) and conventional drainage (REF/P3) (Figure 2). The main subsur-
face drain of each plot collects the drainage waters from the field drains to the well
at the corner of the field. Water is directed from the wells to the main drain. The
drainage intensity of the fields can be controlled with the weir structures in the
wells. The weir level was set to 0.5 m below soil surface. Average depth of the drain-
age pipes was 1.2 m and the distance between the drains about 16 m. Groundwater
pipes were installed in the middle of each plot at a depth of 3 m.
The crop grown on the research fields in 1998 and 2001 was spring barley and
in 1999 and 2000 oats. Details on the management practices are described in Table 1.
Table 1. Management practices 1998-2002 – first figure for test plots 1 and 2 and the second for test plot 3 and 4.
1998 1999 2000 2001 2002
crop spring barley oats oats spring barley oats
date of sowing 21. & 28.5. 11.-12.5. 11.5. 16.5. 13.5.
date of harvest 2-3.9. 23.-26.8. 4.-6.9. 20.-22.8. 27.8.
fertilisation Pellon Y3 Pellon Y2 Manure + Pellon Y4 Kevätviljan Y1
Suomen-salpietari
P fertilisation 7.5 & 9 kg ha-1 8 kg ha-1 17.5 kg ha-1 14 kg ha-1 6 kg ha-1
N fertilisation 50 & 60 kg ha-1 80 kg ha-1 45 + 52 kg ha-1 70 kg ha-1 78 kg ha-1
Water samples were taken 1-2 times per week (1998-2002) from the drainage pipes
during and after the intensive snowmelt period and during autumn (Table 2). Be-
fore sampling the wells were emptied and the sample taken from refilled drain
water unless the weir was used to maintain a higher groundwater table. In that
case, the samples were taken from the well. Water samples were analysed for pH,
acidity, SO4-S, Mn and total and filtrated Al and Fe. Groundwater levels were meas-
ured 1-2 times per week throughout the year.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○2
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Table 2. The number of water samples taken from Ilmajoki during 1998-2001.
Plot Spring Autumn Spring Autumn Spring Autumn Spring Σ
1999 1999 2000 2000 2001 2001 2002
1 / 2 10 - 5 14 5 4 3 41
2 / 2 10 - 5 16 5 4 3 43
1 / 1 10 - 5 16 7 7 3 48
2 / 1 10 - 11 15 7 7 3 53
Σ 40 - 26 61 24 22 12 185
Figure 1. Extension of the acid
sulphate soil and the location
of the two test areas.
Figure 2. Test plots at Ilmajoki.
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2.2 Mustasaari
The Mustasaari (63.05°N, 21.71°E) field is in a polder with the soil surface at mean
sea level (Figure 1). The polder was constructed at the end of 1950’s and the area
was pipe-drained in 1969. In total, the field consists of 5 large (24m x 30m) plots
(Figure 3). Surface liming (SL/P16), conventional drainage (CD/P20), lime filter drains
(LFD/P18), combination of lime filter drains and controlled drainage (LFD+CD/
P19) and only controlled drainage were applied in the different field plots (REF/
P17). The plots 1-15 were all surface limed with different amounts and types of
lime. During data analysis it became evident that control drainage had not been
successful in Mustasaari. The old subsurface drainage pipes at 1.1 m depth were
blocked and the new ones were installed at the depth of 1.0 m in 1998. At the same
time, the plots were separated from each other by plastic sheets, preventing water
from flowing in the horizontal direction from one plot to another. Groundwater
pipes were installed in the middle of all the plots at a depth of 2.5 m and used for
the measurements of groundwater level 1-2 times per week during the measure-
ment period. In Mustasaari, the water samples were taken using the same proce-
dures as in Ilmajoki and were analysed for pH, acidity, SO4-S, Mn and total and
filtrated Al and Fe (Table 3).
Table 3. Number of water samples taken from Mustasaari field plots during 1999-2001.
Plot Spring Autumn Spring Autumn Spring Autumn Σ
1999 1999 2000 2000 2001 2001
16 6 - 8 15 7 7 43
17 8 - 9 17 7 7 48
18 8 - 9 17 7 7 48
19 8 - 8 15 7 7 45
20 7 - 7 17 7 7 45
Σ 37 - 41 81 35 35 229
Figure 3. Test plots at Mustasaari.
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Climate
The weather data used in this study was collected principally from the weather
station at the Ilmajoki agricultural school, in the vicinity of the Ilmajoki test field.
The daily precipitation sums and mean air temperature values were however gath-
ered only during the growing season, i.e. from April to October. Therefore, the data
series were completed with equivalent data from Ylistaro meteorological station in
order to acquire complete years. The distance between Ilmajoki and Mustasaari
research stations is ca. 60 km - Ilmajoki and Mustasaari research fields have a dis-
tance of ca. 25 and 40 km to Ylistaro, respectively.
The period 1998-2002 showed some variation in annual values between the
years in air temperature and precipitation (Table 4). The lowest average tempera-
ture and highest precipitation values were measured in 1998. The clearly highest
average temperature was recorded in 2000. In 1999 and 2002 the precipitation
amounts during the vegetative period were the lowest. The years 2000 and 2001
showed very similar precipitation values, close to the long-term 1961-1990 annual
average in the area of 627 mm (Hyvärinen et al. 1995, page 37).
Table 4. Mean daily temperature, annual and vegetation period precipitation sums for Ilmajoki and Ylistaro 1998-2002.
Air temperature [oC] Precipitation [mm] Precipitation sum [mm]
May-September
1998 3.3 790 526
1999 4.0 512 227
2000 5.6 620 310
2001 3.7 630 370
2002 4.2 432 240
The average monthly temperature is below zero from December to March during
each year (Figure 4a). In November and in April/May there are some differences
between the years, whereas the summer months vary little from year to year. The
difference between the precipitation amounts during winter months, i.e. from De-
cember to March, varies only little between the years (Figure 4b). In the summer of
1998 high precipitation values were measured in June to August, as was in July
2000. The year 1999 had throughout the year relatively low precipitation values. In
the year 2001 the divergent months compared to the other years were located in
spring. The data shows one extreme daily rainfall event – 28.8.1999 the daily pre-
cipitation was measured to be 51 mm.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○3
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Figure 4. Average monthly air temperature values (a) and monthly precipitation sums (b) for
the Ilmajoki agricultural school and Ylistaro meteorological station 1998-2002.
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Soils
Due to the location of the two test fields (see chapter 2) the Ilmajoki and Mustasaari
soils show distinctly different characteristics. The Mustasaari field, situated on the
coast of the Gulf of Bothnia at current sea level, represents a young acid sulphate
soil profile, whereas the Ilmajoki field represents an older profile risen above sea
level more than 4000 years ago.
4.1 Methods of measurement and analysis
In both test areas the soils were augured, using a 22 mm diameter auger, at four
locations to the depths of 2 m (at Mustasaari) and 3 m (at Ilmajoki). Soil pH and the
redox potential were measured in the fresh soil at the depth intervals of 10 cm in
the plot. The measurements were repeated three times during the study period.
On the basis of these measurements, the depths of the actual soil sampling were
selected: plough layer, the most acidic horizon, the transitional horizon between
then oxidised and the reduced soil, and the reduced subsoil were sampled.
The samples were freeze-dried and the following analyses were carried out
for all or selected samples: particle size distribution by sedigraph analysis, pH(H2O),
total sulphur by a dry combustion S-analyser, Al, Ca, K, Na and Mg were extracted
with unbuffered 0.1 M BaCl2 and the effective cation exchange capacity (CECE) de-
termined from these. Mn and SO4-S were extracted with 1 M ammonium acetate
(pH 7.00). They all are expressed as cmol(+) kg-1. Base saturation was calculated as
the ratio of Ca, K, Na, and Mg to the CECE. Carbon, assuming that all C was organic,
and total nitrogen were determined with a CNH -analyser.
4.2 Physical and chemical properties of the soil
In Ilmajoki the particle size distribution was measured at one point in all four test
plots at seven different depths. There are two layers that differ in regard to the
average particle size distribution (Figure 5): the uppermost layer 0.3-0.5 m is coars-
er and the layer 2.5-2.97 m finer than the other layers. According to the Finnish
classification the soil material in the uppermost layer is sandy loam (hieno hieta), in
the layer 2.5-2.97 m silty clay loam (hiesusavi) and in the other layers loam (hiue).
The particle size distribution in Mustasaari was measured at four points (plots
2, 9, 16 and 20), in four different soil layers. The average particle size distribution in
Mustasaari shows clearly less variation with depth than that in Ilmajoki (Figure 6).
The soil material seems to be somewhat finer than that in Ilmajoki. According to
the Finnish classification all layers would be classified as silty clay loam (hiesusavi) –
the American classification would indicate the lowest layer to be clay. For the layer
1-1.5 m there appears to be a slight trend from left to right, i.e. from plot 2 to plot 20:
the clay content increases by 11 % and the sand content decreases by 8 %.
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The particle density as measured in the profile of test plot 1 in Ilmajoki shows
somewhat higher values in the soil layer 1-1.5 m as well as in the layers 0.6-0.8 m
and 1.5-2 m (Figure 7a). In Mustasaari bulk density was measured in one profile in
the test plots 2, 9, 16 and 20 each. The average density corresponds to that in Ilma-
joki only in the upper most soil layer (Figure 7b). In the deeper layers the density in
Mustasaari is clearly lower. The highest value in the profile is, as in Ilmajoki, found
in the soil layer 1-1.5 m.
Figure 5. Average particle size distribution of the four test plots in Ilmajoki in the various soil
layers sampled.
Figure 6. Average particle size distribution of the four test plots in Mustasaari in the various
soil layers sampled.
Figure 7. Particle density distribution in the profile of the test plot 1 in Ilmajoki (a) and the av-
erage of the test plots in Mustasaari (b) with variation depicted by standard deviation (STD).
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The pF curves were determined from two plots, i.e. plot no. 1 and 3 in Ilmajoki.
The pF curves demonstrate clearly different characteristics in these two plots. In plot
1 the curves are very similar at different depths varying less than 10 vol-% for each
pressure (Figure 8a). In plot 2 there is a clear gradual change in the curves according
to depth in the soil profile such that the lowest values for each pressure are for the
uppermost layer and the highest for the lowest layer (Figure 8b). The pF curves indi-
cate that there is a clear difference between the uppermost soil layer (0.6-1 m) and the
deeper soil layers. The saturated water content of the uppermost layer is around 32
%, whereas for the deeper soil layers it varies between 48 and 62 %. The water con-
tent at pF 4 for the uppermost layer is 16 %, whereas for the deeper layer it varies
between 26 and 44 % reflecting the coarser texture in the upper soil layer.
In Mustasaari the pF curves were determined from four test plots (P2, P9, P16
and P20). The variation with depth is not so clear as in Ilmajoki and the values are
clearly higher in each layer (Figure 9). The average values for saturation vary be-
tween 59 and 70 %, whereas the average moisture contents at pF 4 are between 52
and 62 %, indicating steeper pF curves as in Ilmajoki. The variation between the plots
as indicated by standard deviation is highest in the uppermost layer and decreases
with depth. The lowest average pF values were measured in the layer 1-1.5 m.
Figure 8. pF curves at the various soil depths sampled in test plots 1 (a) and 3 (b) in Ilmajoki
with field capacity (FC) and wilting point (WP) indicated.
Figure 9. Average pF value distribution in the profile of the test plots at each depth in Mus-
tasaari with corresponding variation depicted by standard deviation (STD) and with field ca-
pacity (FC) and wilting point (WP) indicated.
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The averages of the in-situ pH measurements taken on three different occasions
(98_1, 98_2, 99) in Ilmajoki show a coherent pH distribution in the soil profile (Figure
10). The highest pH values are measured within the topsoil. In subsoil the values
decrease until they reach a minimum in the soil layer 1.5-2 m. Below this layer the pH
values increase again and reach the topsoil level in a depth of ca. 3 metres. In contra-
ry to the in-situ measurements, the laboratory measurement (98_3) shows a distinct-
ly divergent distribution. The variation of the field measurements, as depicted by the
standard deviation, is small compared to that in the laboratory measurements. The
variation in the layer of the lowest pH (1.5-2 m) is roughly one pH unit.
The pH minimum values are measured in the same soil layer but the values
are clearly lower. This is due to the measurement method used but also the sam-
pling depth distribution. Transportation from field to laboratory and the time of
storage increases the risk of sulphide oxidation, which might affect the pH values
measured later on.
Figure 10. Average soil pH of the four test plots in Ilmajoki at different occasions in 1998
(98_1, 98_2, 98_3) and 1999 (99) with corresponding variation depicted by standard devia-
tion (STD).
The pH curves at Mustasaari were measured in the field in the four different
test plots (P2, P9, P16 and P20) at two different locations (Figure 11). Soil samples
from these locations were additionally analysed in two different laboratories for
their pH. In one of the laboratory analysis the pH was assumed to be representa-
tive for a soil layer of 50 cm (green line). This leads to a rather coarse distribution in
the soil profile. In the other laboratory measurement the soil samples were taken
from four discontinuous soil layers (blue line). The results for the soil layers 0.2-0.5
m and 1.3-1.5 m are an average of the layer above and below this layer. The shape of
the in-situ measured pH curve is similar in Mustasaari as in Ilmajoki (Figure 10).
The values measured in the laboratory are generally lower than the in-situ meas-
ured pH values but one of the laboratory measurements (blue line) depicts the
same kind of distribution with depth as the in-situ measurement. The lowest pH
values for all measurements are reached in the soil layer between 0.5 and 1 m.
The average of all in-situ measurements gives a distinct picture of the differ-
ence in soil pH (Figure 12a) and redox potential (Figure 12b) distribution between
the Ilmajoki and Mustasaari test fields. Both the pH and the redox potential values
are lower for the upper soil in Mustasaari. The point where the pH starts to in-
crease is situated ca. 1 m higher in Mustasaari than in Ilmajoki, i.e. at a depth of 1 m
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in Mustasaari versus 1.8 m in Ilmajoki. Analogous, the depth at which the redox
potential becomes negative is situated ca. 1 m higher in Mustasaari than in Ilma-
joki, i.e. at a depth of 1.5 m in Mustasaari versus 2.6 m in Ilmajoki. This is in accord-
ance with the lower elevation and shorter history of drainage in Mustasaari (Jou-
kainen and Yli-Halla 2003).
Figure 11. Average soil pH of the four test plots in Mustasaari, measured in-situ (red line)
and in the laboratory (green and blue lines) with corresponding variation depicted by stand-
ard deviation (STD).
Figure 12. Average pH (a) and redox potential (b) measured in the field in Ilmajoki (I) and
Mustasaari (M) with a range of variation depicted by standard deviation (STD).
The chemical analysis of soil properties was performed in one profile in all
test plots in Ilmajoki, and in the test plots P2, P9, P16 and P20 in Mustasaari. The
average measured depths in Ilmajoki were 0-0.2 m, 1.5-1.9 m, 2-2.2 m and 2.7-3 m
and in Mustasaari 0-0.2 m, 0.5-1 m, 1-1.3 m and 1.6-2 m respectively. For these layers
an average was calculated and the variation is depicted using standard deviation
(STD). For the intermediate layers the average of the neighbouring layers was used
in order to visualise a possible distribution in the profile and underline the differ-
ences between the two test sites.
Electric conductivity increases (Figure 13a) with depth in both areas but the
increase in Mustasaari is clearly higher. For the effective cation exchange capacity
(Figure 13b) there is little variation in the profile in Ilmajoki but a clear distribution
in Mustasaari with a minimum in the layer 1-1.3 m.
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For the total amounts of sulphur, carbon and nitrogen there is also a distinct
difference between the two test areas: the values measured at Mustasaari are al-
ways higher (Figure 14). For the carbon and nitrogen contents the variation within
the profile is also higher in Mustasaari, whereas especially for nitrogen the distri-
bution in Ilmajoki is rather constant with depth, the deeper layers having nearly
the same or even higher nitrogen content than the plough layer. There is a clear
increase in the sulphur content in both areas but where the increase in Mustasaari
is at ca. 1 m depth, in Ilmajoki it is at 2 m depth.
Figure 13. Electric conductivity (a) and effective cation exchange capacity (b) in the profile
in Ilmajoki (I) and Mustasaari (M); variation between plots is depicted by standard deviation
(STD).
Figure 14. Total sulphur (a), car-
bon (b) and nitrogen (c) contents
in the profile in Ilmajoki (I) and
Mustasaari (M); variation be-
tween plots is depicted by stand-
ard deviation (STD).
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The distribution of the cation sum (calcium, magnesium, sodium and potassi-
um) as well as base saturation, calculated as the percentage of the cation sum from
the effective cation exchange capacity, show a similar distribution in Mustasaari (Fig-
ure 15). In Ilmajoki the distribution of the cation sum shows less variability with depth.
The cation sum shows different minimum and maximum values in the two areas but
for the base saturation these values are the same, i.e. 98-99 % and 28-29 %. The base
saturation minimum is, however, reached in Mustasaari in the layer 0.5-1 m and in
Ilmajoki about metre deeper in the layer 1.6-1.9 m, which are the most acidic layers.
The maximum value is reached again in the lowest layer in each area.
The aluminium and hydrogen distributions show similar distributions in pro-
file for both areas (Figure 16). The maximum values are, however, reached at differ-
ent depths: in the layer 0.5-1 m in Mustasaari and in the layer 1.6-1.9 m in Ilmajoki,
which are the most acidic layers.
Figure 15. Cation sum (Ca+Mg+Na+K) (a) and base saturation (b) in the profile in Ilma-
joki (I) and Mustasaari (M); variation between plots is depicted by standard deviation (STD).
Figure 16. Aluminium (a) and hydrogen (b) concentrations in the profile in Ilmajoki (I) and
Mustasaari (M); variation between plots is depicted by standard deviation (STD).
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The distribution of sulphate sulphur in the soil profile follows a similar pat-
tern as aluminium (Figure 17). The maximum value is reached in the layer 0.5-1 m
in Mustasaari but within a thicker layer in Ilmajoki ranging from 1.6 to 2.2 m. The
variation between the test plots in Ilmajoki is however remarkable within in the
deeper soil layers. The manganese values show no remarkable differences between
the two areas and the concentrations are relatively low.
For all properties measured a clear difference between the soil properties in
Ilmajoki and Mustasaari can be seen. As stated by Joukainen and Yli-Halla (2003),
the main influencing factors are the elevation of the site and the history of drain-
age. On the basis of the location of the border between oxidised and reduced soil
layers, which in Ilmajoki occurs at a depth of ca. 2 m and in Mustasaari at ca. 1 m,
the critical depth for effects on drainage water quality can be distinguished to be at
these depths. This means that in Mustasaari the sulfidic materials are oxidising in
close proximity to the drainage pipes and thus easily contribute to the strong acid-
ity of the discharge (Joukainen-Yli-Halla 2003) whereas in Ilmajoki the oxidising
process takes place ca. one metre deeper. This is reflected by differences in drain-
age water quality which is described in Chapter 6.
At Ilmajoki the measurements performed indicate that there is a slight trend
of the total sulphur content in soil in the lowest soil layer (2.8-3 m). The S content
increases from plot 1 to plot 4. Additionally, the soil pH in plot 1 and plot 2 goes
below 5.0 at a depth of 0.7 and 0.8 m respectively. For the plots 3 and 4 the corre-
sponding depth is 1.1 and 1.2 m. This means that the thickness of the acidic layer
increases from plot 4 to plot 1. Due to missing reference values of drainage water
before the start of the measurement period the effect of a possible trend in soil
properties on the drainage water quality could not be proved.
Figure 17. Sulphate sulphur (a) and manganese (b) concentrations in the profile in Ilmajoki
(I) and Mustasaari (M); variation between plots is depicted by standard deviation (STD).
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Groundwater
At Ilmajoki two of the test plots had control drainage and two ordinary sub-surface
drainage in the research period 1998-2002. The variation in groundwater (GW) depth
was smaller in the plots with control drainage (Figure 18b). Only the dry summer
periods in 1999 and 2002 caused major variation between the variants in autumn.
This is due to natural variability between the plots, not the drainage methods ap-
plied. During most of the year in 1999-2002 the groundwater table both in the con-
trolled and uncontrolled plots were below the drainage pipe depth but above the
sulphidic layer.
Figure 18. GW depth from soil surface for the test plots without control drainage (a) for the
reference (REF) and lime filter drainage (LFD) plot and for the control drainage plots (b) for
control drainage only (CD) and combined with lime filter drainage (CD+LFD) in Ilmajoki.
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The average groundwater depth reacts to the application of control drainage
(Figure 19). The red line depicts the time when the control has been on. In 2000-
2002 the control was on except for a few days during spring before tillage. The
average difference in GW depth was ca. 0.3 m, the maximum measured being 1.4
m. The average percentual increase was ca. 20 %, the maximum measured being 54
%. The behaviour in March and April 2001 can be a result of a very cold period at
the end of February combined with a relatively warm period in mid-March, which
might have affected the GW measurements.
The GW table in the uncontrolled plots is in average more days below the
upper border of the sulphidic layer (depth 2 m) than in the controlled plots (Table
5). In 1998, the average GW table was above 2 m on all measurement days. In 2000,
there is no difference between the plots but in 1999 and 2001 the difference is 70-80
days, in 2002 34 days. Over the whole period the GW level was below the upper
border of the sulphidic layer during 601 days (41% of the time) in the uncontrolled
plots and during 416 days (28% of the time) in the controlled plots.
Table 5. Periods in which the GW table was below 2 metres in Ilmajoki.
1999 2000 2001 2002
period days period days period days period days
control (CD) 4.-25.3. 22 - 0 - 0 14.1.-14.2. 31
no control 25.2.-25.3. 29 - 0 22.-29.3. 8 1.1.-14.2. 45
control (CD) 21.6.-8.10. 110 6.7.-4.8. 30 3.-31.8. 29 20.6.-31.12. 194
no control 11.6.-3.12. 176 6.7.-4.8. 30 29.6.-5.10. 99 30.5.-31.12. 214
Σ control 132 control 30 control 29 control 225
Σ no control 205 no control 30 no control 107 no control 259
Figure 19. Absolute (a) and percentual (b) change in GW depth due to control drainage in Il-
majoki.
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The absolute change in groundwater depth during the period without con-
trol in winter 1998/99 is somewhat smaller than during the controlled periods but
the difference is relatively small. The target level of 0.5 m below soil surface set to
control drainage could, however, only be reached on few singular days during the
observation period.
At Mustasaari groundwater depth was measured in eight plots: in three small
plots (P3, P7 and P11) and five large plots (P16 - P20). In two of these plots, i.e. P19
and P20, the drainage was controlled during the period 1999-2001 but the others
had ordinary subsurface drainage. Due to management problems the control drain-
age was not successful. Additionally, it seems that the GW depth in general is lower
in the plots 16-20 than in the plots than in the plots 3-11 (Figure 20). GW depth was
measured during the drainage measurement period, i.e. from April to November/
December. The average level of the groundwater depth is higher in Mustasaari
than in Ilmajoki. In Mustasaari, the GW table is usually below the upper border of
the acidic layer, i.e. the depth of ca. 1.1 metres (Table 6).
Table 6. Periods in which the GW table was below 1.1 metres in Mustasaari.
1999 2000 2001
period days period days period days
plots 3,7,11 17.5.-18.10. 155 27.4.-10.8.* at least 106 19.-25.4. 7
plots 16-20 5.5.-25.10. 174 2.5.-18.12. 231 19.-25.4. 7
both – – – – 29.5.-7.8.* at least 71
both – – – – 25.9.-20.11. 57
Σ small plots 155 small plots at least 106 small plots at least 135
Σ large plots 174 large plots 231 large plots at least 135
* missing values after this date
Figure 20. Groundwater depth from soil surface for the test plots in 1999 (a), 2000 (b) and
2001 (c) in Mustasaari, control drainage being for plots P19 and P20.
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Control drainage was not successful in Mustasaari – the average groundwater
depth is lower for the controlled plots than the uncontrolled ones (Figure 21). In
contradiction to Ilmajoki, the groundwater level is also during most of the year
below the upper limit of the sulphidic layer.
Figure 21. Average groundwater depth from soil surface for the controlled and uncontrolled
test plots in Mustasaari.
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Drainage water
6.1 Drainage discharge
The discharge volume was measured by timing the filling of a sampler, which had
the volume of 2 litres. No continuous discharge measurements took place. Sam-
pling from the controlled drainage plots was only possible during the time when
the control was off or there was an overflow.
This means that most of the measurements in Ilmajoki control plots were gained
before May 1999 after which the control was nearly always on (Figure 22). Control
drainage thus reduces discharge from the drainage system. The average discharges
from controlled and uncontrolled plots, when measured at the same time show
some difference – the discharge from the controlled plots being in most cases high-
er than that from uncontrolled plots. The difference was maximally ca. 0.8 l s-1 ha-1.
Figure 22. Measured average discharges in the controlled and uncontrolled plots in Ilmajoki.
Also in Mustasaari there are more discharge measurements from uncontrolled
than controlled plots (Figure 23). When measured at the same time, the discharge
from the controlled plots is in half of the cases higher than that from uncontrolled
plots and in the other half of the cases discharge from uncontrolled plots is higher.
The difference was maximally ca. 5 l s-1 ha-1. The measured discharges in Mustasaari
are in average lower than those measured in Ilmajoki between 1999 and 2001. The
average discharge from uncontrolled plots in Mustasaari was 0.02 l s-1 ha-1 and in
Ilmajoki 0.2 l s-1 ha-1. For the controlled plots the difference was larger, the average
discharge for Mustasaari being 0.02 l s-1 ha-1 and that for Ilmajoki 0.4 l s-1ha-1.
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6.2 Chemical analysis – methods and baseline results
Both in Ilmajoki and Mustasaari water samples were taken 1-2 times per week from
the drainage pipes during periods of the year when there was enough runoff –
except for the rainy year 1998 this meant research periods in spring and autumn.
Before sampling the wells were emptied unless the weir was used to maintain a
higher groundwater table for the control drainage purpose. In this case, the sam-
ples were taken from the well. Water samples were analysed for pH, acidity, sul-
phate sulphur (SO4-S), manganese (Mn), total and filtered iron (Fe tot and Fe filt) as
well as total and filtered aluminium (Al tot and Al filt). The pH was measured using
a potentiometer. Acidity was also measured with a potentiometer (titration to pH
8.3). SO4-S was analysed using liquid chromatography. Total iron was analysed by
first oxidising with peroxide sulphate and then reducing with hydroxyl ammoni-
um chloride. The absorbency was measured at wave length 593 nm. Total alumini-
um is measured by heating the sample with PKS. In order to measure filtrated Fe
and Al the samples were filtrated using a 0.45 µm filter. Total manganese was ana-
lysed by oxidising with peroxide sulphate. The absorbency was measured at wave
length 450 nm.
The first measurements in Ilmajoki were made soon after the replacement of
old subsurface pipes in autumn 1996. The year 1997 was, however, extremely dry
and therefore the measurement period actually started in spring 1998. For a few
variables there exist singular measurements before spring 1998. In Mustasaari the
measurements started in spring 1999. This was one year after the renewal of the
drainage pipes in spring 1998. In chapter 6.2 the “baseline” measurement results
are presented for each of the test plots: combined lime filter drainage and control
drainage (LFD+CD), lime filter drainage (LFD), control drainage (CD) as well as
reference (REF) test plots. In Mustasaari there is additionally a fifth plot (P16), which
has conventional subsurface drainage and was treated with surface liming (SL)
using 25 t ha-1 of lime. The percentual change due to the drainage techniques is
described in Chapter 6.3.
In order to analyse the effect of the CD, LFD, LFD+CD and SL methods on
the various water quality variables measured, a simple statistical test was performed.
A t-Test, paired two samples for means (Ranta et al. 1991), was chosen in which the
results of the plots with CD, LFD, LFD+CD or SL were compared with the results
from the reference plot for each observation date. The test was performed over the
whole observation period, i.e. 1998-2002 in Ilmajoki and 1999-2001 in Mustasaari.
The results indicate (Table 7) that there is a clear difference between the average of
the water quality variables between Ilmajoki and Mustasaari. Further, the result
Figure 23. Measured average discharges in the controlled and uncontrolled plots in Mus-
tasaari.
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indicate that with a few exceptions there is a significant difference between the
results from the plots with CD, LFD or LFD+CD and the reference plot in Ilmajoki
but only for some variables in Mustasaari.
Table 7. pH, acidity, SO4-S, total Mn, total and filtrated Fe and Al concentration in water samples from the Ilmajoki and Mus-
tasaari fields during the research period in the plots with control drainage (CD), lime filter drainage (LFD), their combination
(LFD+CD) and surface liming (SL) compared to the reference plot with conventional sub-surface drainage (REF).
Ilmajoki Mustasaari
CDa REFa tb nc CDa REFa tb nc
pH 4.6 4.3 6.19*** 73 3.7 3.7 0.56n.s. 47
acidity [mmol l-1] 3.4 3.9 -3.81*** 64 9.7 11 -2.68n.s. 46
SO4-S [mg l
-1] 331 441 -6.97*** 68 1917 2312 -4.00*** 31
Mn, tot [µg l-1] 3103 4115 -5.04*** 63 15170 16414 -2.34n.s. 20
Fe, tot [µg l-1] 293 870 -4.91*** 72 3753 3700 0.12n.s. 31
Fe, filt [µg l-1] 45 117 -8.11*** 32 n.a. n.a. n.a. n.a.
Al, tot [µg l-1] 10891 19741 -8.84*** 61 65201 88070 -5.05*** 29
Al, filt [µg l-1] 11408 20773 -9.31*** 26 n.a. n.a. n.a. n.a.
LFDa REFa tb nc LFDa REFa tb nc
pH 5.9 4.3 11.2*** 73 3.7 3.7 2.76** 47
acidity [mmol l-1] 2.1 3.9 -15.8*** 64 9.8 11 -3.42** 46
SO4-S [mg l
-1] 416 441 -1.99n.s. 68 2153 2312 -1.69n.s. 31
Mn, tot [µg l-1] 3510 4115 -3.70*** 63 16090 16414 -0.82n.s. 20
Fe, tot [µg l-1] 604 870 -1.83n.s. 72 3346 3700 -0.60n.s. 31
Fe, filt [µg l-1] 26 117 -19.1*** 32 n.a. n.a. n.a. n.a.
Al, tot [µg l-1] 15430 19741 -1.49n.s. 61 71051 88070 -4.04*** 29
Al, filt [µg l-1] 4870 20773 -12.0*** 26 n.a. n.a. n.a. n.a.
LFD+CDa REFa tb nc LFD+CDa REFa tb nc
pH 6.2 4.3 14.1*** 73 3.6 3.7 -2.22n.s. 47
acidity [mmol l-1] 1.9 3.9 -13.5*** 64 11 11 1.58n.s. 46
SO4-S [mg l
-1] 384 441 -4.60*** 68 2348 2312 0.317n.s. 31
Mn, tot [µg l-1] 2887 4115 -6.47*** 63 17663 16414 2.21n.s. 20
Fe, tot [µg l-1] 308 870 -4.68*** 72 4612 3700 1.21n.s. 31
Fe, filt [µg l-1] 9.7 117 -12.8*** 32 n.a. n.a. n.a. n.a.
Al, tot [µg l-1] 11995 19741 -3.18** 61 88767 88070 0.21n.s. 29
Al, filt [µg l-1] 1566 20773 -17.6*** 26 n.a. n.a. n.a. n.a.
SLa REFa tb nc
pH 3.8 3.7 3.55*** 47
acidity [mmol l-1] 8.9 11 -6.19*** 46
SO4-S [mg l
-1] 2032 2312 -2.50n.s. 31
Mn, tot [µg l-1] 14812 16414 -5.71*** 20
Fe, tot [µg l-1] 2762 3700 -1.72n.s. 31
Fe, filt [µg l-1] n.a. n.a. n.a. n.a.
Al, tot [µg l-1] 66428 88070 -4.54*** 29
Al, filt [µg l-1] n.a. n.a. n.a. n.a.
a Average for the measurement period; b The test value of the t-test of paired measurements; c Number of water sample pairs
** and ***: significant at p = 0.01 and 0.001, respectively; n.s. not significant (p > 0.02); n.a. not analysed
The difference in values of the various water quality variables in the reference plots
between Ilmajoki (P3) and Mustasaari (P17) are depicted in Annex 2 (A2). The pH
values of drainage water (Figure 1, A2) in Ilmajoki show more variation with a max-
imum value of 6.1 and it levels off to a value that in average is 4.1 whereas the average
pH in Mustasaari after the first year is 3.6. The acidity measurements indicate a clear
difference in the acidity level throughout the measurement period (Figure 2, A2).
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The acidity values in Ilmajoki show less variation and the values are clearly lower.
The average acidity of the measurement period in Ilmajoki is 3.8 mmol l-1, whereas
in Mustasaari it is 11 mmol l-1. After the first year the acidity level in Ilmajoki seems
to reach a certain level of ca. 4.5 mmol l-1. This levelling off is not observed in Mus-
tasaari. The sulphate sulphur concentrations in Mustasaari are clearly higher than
in Ilmajoki (Figure 3, A2). The average is over five times higher in Mustasaari being
2400 mg l-1, whereas in Ilmajoki it is 440 mg l-1. In Ilmajoki there seems to be a level-
ling off after the first year to an average of 560 mg l-1 but in Mustasaari the concen-
tration seems to keep augmenting during the research period. Since the Mustasaari
data series is so short it is difficult to judge the difference in variation between the
two series but the average concentrations in Mustasaari seem to be higher than in
Ilmajoki (Figure 4, A2). The average Mn concentration in Ilmajoki (excluding 1998)
is around one third of the concentration in Mustasaari - being ca. 5430 µg l-1 in
Ilmajoki and ca. 16500 µg l-1 in Mustasaari. The Fe concentrations in Ilmajoki are
most of the time less than 2000 µg l-1, the average being 870 µg l-1 (Figure 5, A2). In
Mustasaari the average concentration is higher, ca. 3600 µg l-1, but most of the con-
centrations are below 5000 µg l-1. In both plots the highest concentrations are meas-
ured in the first year after the renewal of drainage, i.e. in the period of highest
water pH values. The tot Al concentrations in Ilmajoki are rather stable except for
the period of the high pH values in 1998 where lower Al concentrations were meas-
ured (Figure 6, A2). In Mustasaari the average concentration are nearly four times
higher being ca. 90 000 µg l-1, whereas in Ilmajoki the stable tot Al level lies at 25 000
µg l-1.
All samples, which have been taken before spring 1998 in Ilmajoki show smaller
pH values than those measured in April and May 1998 (Figure 24). These can be
considered as clear peak values since for a period of 4 weeks (LFD) or 2 weeks
(LFD+CD) the measured pH values go up to 11, i.e. nearly 4 pH degrees more than
under the rest of the observation period. During the remaining period the LFD+CD
and LFD values remain at a somewhat higher level than for CD and REF.
Figure 24. Measured pH in drainage water from combined lime filter drainage and control
drainage (LFD+CD), lime filter drainage (LFD), control drainage (CD) and reference (REF)
test plots in Ilmajoki.
The measurements in Mustasaari indicate also a rise in pH in the first year of
measurements (Figure 25). This rise is detected for all plots except for the LFD+CD
variant where a small rise is observed a half year later. The rise is, however, smaller
than in Ilmajoki being maximally ca. 1 pH unit. After the first year there seems to be
no clear difference between the test plots. During the autumn of the first year the
LFD+CD values are even lower than the reference values.
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In spring 1998 in Ilmajoki and to a lesser extent in autumn 1999 in Mustasaari
so high pH values were measured that they can be described as peak values. Since
at least in Ilmajoki this phenomenon occurred also for the reference plot it seems to
be a general effect not related to the LFD or CD measures. One explanation would
be that when the subsurface drainage system was renewed in late 1996 surface soil
with higher pH was transferred from the plough layer to the drainage system depth.
The next larger flow event took place not until in spring 1998 since the year 1997
was extremely dry. The properties of the buried subsoil (higher pH, lower SO4-S,
Mn and Al concentrations) might have affected the drainage water quality during
the spring and summer months in 1998. The effect levels off during this time and
keeps on a constant level during the rest of the observation period.
In the surface limed plots in Mustasaari (plots 1-15) the liming amounts varied
between 25 and 100 tn ha-1 and four different types of lime were used (ordinary,
fine, slurry and doused). Nevertheless, the pH values in the drainage water showed
little variability with time (Figure 26) and no systematic differences between the
plots could be distinguished.
Figure 25. Measured pH in drainage water from combined lime filter drainage and control
drainage (LFD+CD), lime filter drainage (LFD), control drainage (CD), surface limed (SL)
and reference (REF) test plots in Mustasaari.
Figure 26. Measured pH in drainage water from the surface limed plots (1-15) in Mus-
tasaari.
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The highest acidity values in Ilmajoki are measured throughout the period for
the REF test plot, followed by the CD and LFD plots (Figure 27). The combined
effect of LFD and CD shows often the lowest acidity values.
The effect of the method is smaller in Mustasaari (Figure 28). There seems,
however, to be a seasonal pattern for acidity since the values in autumn indicate
more variation between the plots and the values in autumn are also in average
higher than in spring.
Figure 27. Measured acidity in drainage water from combined lime filter drainage and control
drainage (LFD+CD), lime filter drainage (LFD), control drainage (CD) and reference (REF)
test plots in Ilmajoki.
Figure 28. Measured acidity in drainage water from combined lime filter drainage and control
drainage (LFD+CD), lime filter drainage (LFD), control drainage (CD), surface liming (SL)
and reference (REF) test plots in Mustasaari.
For the year 1998 there is no clear pattern as to the effect of the treatments in
reference to the conventional sub-surface drainage on the sulphate sulphur con-
centrations in Ilmajoki (SO4-S, Figure 29). The lowest values are measured during
this year but on the other hand the variation is also largest ranging from 50 to 700
mg l-1 In general, the concentrations in the plot with CD seem lower in 1998 than in
the plot with LFD. During the last two years there seems to be a clearer difference
between the variants in autumn than in spring. The lowest sulphate concentra-
tions are observed for the CD variant.
In Mustasaari there seems to be no clear differences in sulphate sulphur con-
centration of the drainage water due to the methodologies applied (Figure 30), ex-
cept for the autumn period 1999. The statistical test (Table 7) indicated that the val-
ues for the CD plot are significantly different from the reference plot. The variation
between the variants or the plots seems to be higher in autumn than in spring.
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Figure 29. Measured SO4-S concentrations in drainage water from combined lime filter drain-
age and control drainage (LFD+CD), lime filter drainage (LFD), control drainage (CD) and
reference (REF) test plots in Ilmajoki.
Figure 30. Measured SO4-S concentrations in drainage water from combined lime filter drain-
age and control drainage (LFD+CD), lime filter drainage (LFD), control drainage (CD), sur-
face limed (SL) and reference (REF) test plots in Mustasaari.
Figure 31. Measured Mn concentrations in drainage water from combined lime filter drain-
age and control drainage (LFD+CD), lime filter drainage (LFD), control drainage (CD) and
reference (REF) test plots in Ilmajoki.
The variability of the manganese (Mn) concentrations is large in Ilmajoki, rang-
ing particularly in 1998, from a few micrograms to nearly 7000 µg l-1 even within the
same variant (Figure 31). The variability remains large also during the following years
but a clearer picture as to the influence of the drainage techniques seems to emerge.
Control drainage and the combined method seem to decrease Mn concentration both
during spring and autumn runoff. In contrary to this, lime filter drainage seems to
decrease Mn concentration more consistently only during spring time.
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In Mustasaari there is no clear effect of the methods applied on the manga-
nese concentrations (Figure 32). Due to missing values in 1999, and thus a shorter
time series, argumentation is however difficult.
The total iron (Fe tot, Figure 33a) as well as the filtrated iron (Fe filt, Figure 33b)
measurements in Ilmajoki are characterised by a few very high values. Total iron
concentration shows the greatest variation during the year 1998 – the filtrated iron
measurements started only in the spring of 1999. The total iron concentrations seem
roughly to be ten times higher than the filtrated iron concentrations.
In Mustasaari only total iron was measured. The variation between the meth-
ods is larger than in Ilmajoki but it seems to diminish during the research period
(Figure 34). No clear influence of a singular method can be detected.
Figure 32. Measured Mn concentrations in drainage water from combined lime filter drain-
age and control drainage (LFD+CD), lime filter drainage (LFD), control drainage (CD), sur-
face limed (SL) and reference (REF) test plots in Mustasaari.
Figure 33. Measured Fe tot (a) and Fe filt (b) concentrations in drainage water from com-
bined lime filter drainage and control drainage (LFD+CD), lime filter drainage (LFD), control
drainage (CD) and reference (REF) test plots in Ilmajoki.
Figure 34. Measured Fe tot concentrations in drainage water from combined lime filter
drainage and control drainage (LFD+CD), lime filter drainage (LFD), control drainage (CD),
surface limed (SL) and reference (REF) test plots in Mustasaari.
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Also the total aluminium (Al tot, Figure 35a) concentration distribution in Il-
majoki is influenced by a few very high values during the year 1998. During the
rest of the observation period the effect of the various drainage methods can be
seen clearer. The filtrated aluminium (Al filt, Figure 35b) concentrations are of the
same magnitude as the total aluminium concentrations.
Except for the autumn 1999 there are no clear difference to be seen between
the variants in Mustasaari (Figure 36). As for sulphate sulphur concentrations and
acidity, there seem to be larger variation in autumn than in spring.
Figure 35. Measured Al tot (a) and Al filt (b) concentrations in drainage water from com-
bined lime filter drainage and control drainage (LFD+CD), lime filter drainage (LFD), control
drainage (CD) and reference (REF) test plots in Ilmajoki.
Figure 36. Measured Al tot concentrations in drainage water from combined lime filter drain-
age and control drainage (LFD+CD), lime filter drainage (LFD), control drainage (CD), sur-
face limed (SL) and reference (REF) test plots in Mustasaari.
Nitrogen concentrations were only measured in Ilmajoki, during the years
1996-2002. The nitrogen fractions observed were ammonia-N (NH4-N), nitrite and
nitrate-N (NO23-N) as well as total nitrogen (totN). The NH4-N concentration (Fig-
ure 37) is the only nitrogen fraction where a clear influence of the methods applied
can be observed. Major part of total N (Figure 39) is nitrite and nitrate N (Figure 38).
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Figure 37. Measured NH4-N concentrations in drainage water from combined lime filter
drainage and control drainage (LFD+CD), lime filter drainage (LFD), control drainage (CD)
and reference (REF) test plots in Ilmajoki.
Figure 39. Measured totN concentrations in drainage water from combined lime filter drain-
age and control drainage (LFD+CD), lime filter drainage (LFD), control drainage (CD) and
reference (REF) test plots in Ilmajoki.
Figure 38. Measured NO23-N concentrations in drainage water from combined lime filter
drainage and control drainage (LFD+CD), lime filter drainage (LFD), control drainage (CD)
and reference (REF) test plots in Ilmajoki.
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6.3 Chemical analysis - effect of methods applied
The effect is calculated as a relative change of each measurement from the plots
where drainage methods were applied in regard to the result from the reference
plot with ordinary subsurface drainage taken at the same time:
A negative value means a decrease compared to the reference plot, a positive
value an increase in regard to the reference plot, the change in pH was calculated
in absolute pH degrees. Since the figures are based on measurements already pre-
sented in chapter 6.2, they are presented in Annex 3 (A3).
Since in Ilmajoki the consistent measurements started in April 1998, only these
3.5 years are depicted here. For the pH of the water (Figure 1, A3) both LFD+CD
and LFD methods had a large effect during the first weeks of 1998 measurements:
the pH increase was over 6 pH units. This effect soon became smaller but above all
the LFD+CD effect kept a steady state with an increase of 1-2 pH units. The effect
of only CD levelled off nearly immediately but kept a small pH increase between
0.5 pH units after the year 1998 where also a decrease in pH occasionally was ob-
served. The LFD method on its own showed the most varied effect ranging from a
0.5 pH unit decrease to a 2 pH units increase. The effect seems to depend on the
time of the year since the increase in spring is much larger than in autumn. The
effect of any of the methods on drainage water pH in Mustasaari is clearly lower
than in Ilmajoki (Figure 2, A3). Except for the autumn of the first year the change
due to the methods varies between a decrease and an increase of 0.2 pH units.
The acidity seems to increase during the first year 1998 occasionally for all
methods in Ilmajoki (Figure 3, A3). After 1999 most of the changes are negative
resulting in a decrease between a few percent and 80 %. There is no clear difference
between the methods but it seems that the reduction due to LFD+CD and LFD is
higher in spring than in autumn. The influence of the methods applied on drain-
age water acidity in Mustasaari is not consequent (Figure 4, A3). In autumn 1999
there is both high reduction and relatively high increase. In 2000 and 2001 the chang-
es are smaller but still both decrease and increase is observed for all methods. For
SL and LFD plots most of the changes are reduction, though.
Also for the SO4-S concentration in Ilmajoki the first year 1998 is marked by
both increase and decrease for all methods applied (Figure 5, A3). Unlike for water
pH and acidity the CD method seems to bring the greatest reductions, 20-50 %,
during the remaining test period. The LFD method seems to increase SO4-S con-
centrations somewhat during autumn periods. The reaction of the SO4-S concen-
tration in Mustasaari to the methods applied follows that of acidity in autumn 1999
(Figure 6, A3). For the remaining period both increase and decrease is observed for
all methods.
The Mn concentration reacts to the methods applied in the same manner as
the SO4-S concentration (Figure 7, A3). The variation during year 1998 is somewhat
larger ranging from a 100 % decrease to an increase of 350 %. After levelling off the
CD method seems to bring the most stable reductions whereas the LFD method
during the last autumn seems to increase Mn concentrations again. The measure-
ment period for Mn in Mustasaari is so short that not much can be observed (Figure
8, A3). There seems to be no clear effect of any particular method on the Mn con-
centration: for all methods both an increase and a decrease between a few percent
and 20 % is observed.
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The change in total Fe concentration in Ilmajoki shows only a few large in-
creases during the year 1998 but during the end of the period large decreases above
all for the LFD+CD and CD methods (Figure 9a, A3). The LFD methods shows
even some tendencies of increase. The decrease is quite clear, except for two singu-
lar measurements, if the filtrated Fe concentrations are scrutinised. For the LFD+CD
and CD methods the decrease seems to be between 50-100 % (Figure 9b, A3). The
effect of the methods applied on the total Fe concentrations in Mustasaari (Figure
10, A3) differ from that in Ilmajoki since both increase and decrease is observed for
all methods: -80 – +30 % for SL, -80 – +140 % for CD and LFD methods and -90 –
+450 % for LFD+CD.
The relative change of total Al (Figure 11a, A3) in Ilmajoki evolves in a similar
way as Fe tot. The increase in 1998 is however not quite of the same magnitude.
Also here the LFD+CD method indicates the greatest decrease for the filtrated sub-
stance (Figure 11b, A3). The decrease between 50-100 % is substantial. The change
in total Al concentrations in Mustasaari (Figure 12, A3) follow closely the pattern of
total Fe concentration change, except that the range of change after autumn 1999 is
smaller and being more reductive than increasing.
The NH4-N concentration (Figure 13, A3) is the only nitrogen fraction where a
clear influence of the methods applied can be observed. The decrease between 50-
100 % is substantial. No systematic effect of the methods applied can be detected
for NO23-N (Figure 14, A3) or totN (Figure 15, A3) concentrations.
In order to assess the effect of each of the techniques the percentual change
due to the method applied was directly compared for all plots. In addition to Ilma-
joki and Mustasaari, results for drainage water pH from Sirppujoki test field was
used (Triipponen, 1997). For this analysis the time series for all test plots start from
the first measurement taken.
The increase in drainage water pH is clearest for the methods including lime
filter drainage in Ilmajoki, where a minimum level of increase between 20 and 60 %
can be kept for a period of five years after the first measurement (Figure 40). In
Sirppujoki the pH increase is of the same magnitude (20-40 %) immediately after
the start of the experiment but the effect lasts only for one year. In Mustasaari this
level of increase is never reached.
Figure 40. The relative change in drainage water pH in Ilmajoki (I), Mustasaari (M) and Sirp-
pujoki (S) due to the methods applied: combined lime filter drainage and control drainage
(LFD+CD), lime filter drainage (LFD) and control drainage (CD).
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37The Finnish Environment 732
For all the remaining variables the effect of the methods applied in Mustasaari
is smaller, except for SO4-S where the reduction is of same magnitude (Figures 41-
45). The reduction for Al and Mn is smaller in Mustasaari but it seems to keep a
steady level of reduction at both locations. In Mustasaari none of the methods ap-
plied strikes out to be clearly better for a certain measured component. In Ilmajoki,
however, the drainage systems involving lime filters seems to increase pH better
but the control drainage as such reduce SO4-S, Fe and Mn in a more stable manner
than the methods involving lime filters.
Figure 41. The relative change in drainage water acidity in Ilmajoki (I) and Mustasaari (M)
due to the methods applied: combined lime filter drainage and control drainage (LFD+CD),
lime filter drainage (LFD) and control drainage (CD).
Figure 42. The relative change in drainage water SO4-S concentration in Ilmajoki (I) and
Mustasaari (M) due to the methods applied: combined lime filter drainage and control drain-
age (LFD+CD), lime filter drainage (LFD) and control drainage (CD).
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Figure 43. The relative change in drainage water total Fe concentration in Ilmajoki (I) and
Mustasaari (M) due to the methods applied: combined lime filter drainage and control drain-
age (LFD+CD), lime filter drainage (LFD) and control drainage (CD).
Figure 44. The relative change in drainage water total Al concentration in Ilmajoki (I) and
Mustasaari (M) due to the methods applied: combined lime filter drainage and control drain-
age (LFD+CD), lime filter drainage (LFD) and control drainage (CD).
Figure 45. The relative change in drainage water Mn in Ilmajoki (I) and Mustasaari (M) due
to the methods applied: combined lime filter drainage and control drainage (LFD+CD), lime
filter drainage (LFD) and control drainage (CD).
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Other variables
The crop yield has been measured for all test plots in Ilmajoki and Mustasaari. De-
tails on the crop grown and the crop management in Ilmajoki are given in Table 8.
For the years 1998, 1999 and 2001 the yields in the plot with control drainage were
higher than those in the uncontrolled plot. In 2000 and 2002 the opposite occurred.
Table 8. Yields in Ilmajoki 1998-2002.
1998 1999 2000 2001 2002
crop spring barley oats oats spring barley oats
yield test plots 1 & 2 [kg ha-1] (CD) 5132 2375 4270 2900 5560
yield test plots 2 & 3 [kg ha-1] (no CD) 4508 1850 4375 2350 6000
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Discussion and conclusions
The soil properties differ greatly between the Ilmajoki and Mustasaari test fields. In
Mustasaari the soil has a finer soil texture and thus better water holding capacity.
The minimum pH values and maximum cation concentrations are of the same or-
der of magnitude but in Mustasaari these peaks are located about one metre higher
up in the profile. Due to these properties and the border between oxidised and
reduced layers the critical depth for effects on drainage water quality was located
to be at a depth of ca. 1 metres in Mustasaari and ca. 2 metres in Ilmajoki. This
means that at Mustasaari it is at the same depth as the subsurface drainage whereas
in Ilmajoki it is located ca. one metre deeper.
According to the groundwater measurements the target level of the control-
led drainage system of 0.5 metres below soil surface could not be reached. The
effect of CD lies solely in raising the GW level in respect to the uncontrolled sys-
tem. Thus, a decrease of the GW level owing to high evapotranspiration in summer
could not be prevented by control drainage. The GW level is also affected by per-
manent iron hydroxide lined cracks and remnant root channels (Joukainen and
Yli-Halla 2003). It is, however, important to keep a permanent GW level, which is
higher than the sulphidic layer, i.e. 2 metres in Ilmajoki in order to prevent further
oxidation. In Ilmajoki this criterion was not met during 30-132 days per year during
the observation period in the controlled plots. In western Finnish climate condi-
tions keeping the GW level at the desired level would require pumping of addi-
tional water during the dry periods.
The results on the effectiveness of the lime filter drainage system at Mustasaari,
i.e. small percentage of change in analysed concentrations in drainage water, indi-
cate that this method can not be considered successful. Thus, its application on
soils like the one in Mustasaari would not improve drainage water quality. The
three-year observation period could not show any effect of the surface liming per-
formed in the plots 1-15 at Mustasaari. Due to the management problems in apply-
ing control drainage in Mustasaari, the effect of this technique cannot be evaluated
there. This “result” emphasises, however, how important technical understanding
and motivation is in a successful application of control drainage.
In contrary to the results in Mustasaari, in Ilmajoki a positive effect of lime
filter and control drainage methods was achieved. The performance of the singular
method, however, varied for the target criteria analysed. The most stable rise in
drainage water pH (1-2 pH units) was obtained using the combined lime filter and
control drainage method. The pH level of 5.5, which has been considered as critical
for fish populations, could in average be kept until the end of the five-year obser-
vation period. The control drainage as such seems to rise the average pH only by
ca. 0.5 units over the observation period but with this method the best reduction in
SO4-S concentration could be achieved. The average SO4-S concentration kept the
level of 350 mg l-1, whereas for the other methods the mean concentration being
between 400 and 600 mg l-1 was clearly higher. The combined drainage option re-
duced the total aluminium concentration most efficiently. The reduction varied
between 60 and 100% whereas for the other methods the reduction was unstable
with time and ranged between 20 and 60%.
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Annex 1: Summary of main measurements
Groundwater depth
Mustasaari
date P16 P17 P18 P19 F20 date P16 P17 P18 P19 F20
SL REF LFD LFD+CD CD SL REF LFD LFD+CD CD
 GW depth as distance from soil surface [m] GW depth as distance from soil surface [m]
26.4.1999 1.03 0.84 0.85 1.11 1.29 18.9.2000 n.a. 1.19 1.31 1.38 1.35
28.4.1999 1.08 0.88 0.91 1.15 1.32 25.9.2000 n.a. 1.21 1.33 1.4 1.38
3.5.1999 1.08 0.94 0.97 1.19 1.3 2.10.2000 n.a. 1.22 1.35 1.42 1.39
5.5.1999 1.08 0.97 0.99 1.2 1.31 10.10.2000 n.a. 1.2 1.3 1.36 1.33
11.5.1999 1.1 1.01 1.04 1.21 1.33 18.10.2000 n.a. 1.13 1.23 1.28 1.26
17.5.1999 1.13 1.04 1.09 1.23 1.35 23.10.2000 n.a. 1.14 1.25 1.29 1.25
24.5.1999 1.16 1.06 1.12 1.24 1.38 2.11.2000 n.a. 1.09 1.18 1.2 1.22
31.5.1999 1.14 1.1 1.15 1.27 n.a. 6.11.2000 n.a. 1.09 1.19 1.2 1.17
7.6.1999 1.15 1.11 1.16 1.3 n.a. 9.11.2000 n.a. 1.07 1.17 1.19 1.16
14.6.1999 1.22 1.16 1.21 1.4 1.47 13.11.2000 n.a. 1.13 1.26 1.29 1.26
21.6.1999 1.27 1.18 1.25 1.37 1.58 15.11.2000 n.a. 1.14 1.25 1.28 1.25
28.6.1999 1.4 1.25 1.31 1.55 1.74 20.11.2000 n.a. 1.15 1.26 1.3 1.27
7.7.1999 1.53 1.4 1.5 1.71 1.92 23.11.2000 1.08 1.14 1.29 1.3 1.25
19.7.1999 1.78 1.76 1.87 1.94 2.16 27.11.2000 1.1 1.15 1.25 1.27 1.23
29.7.1999 1.9 1.97 2.06 2.11 2.3 29.11.2000 1.1 1.13 1.27 1.29 1.2
2.8.1999 1.96 2.04 2.08 2.11 2.31 4.12.2000 1.09 1.09 1.2 1.23 1.18
9.8.1999 2.06 2.11 2.19 2.21 n.a. 7.12.2000 1.09 1.11 1.24 1.27 1.24
17.8.1999 2.16 2.22 2.29 2.29 n.a. 11.12.2000 1.1 1.12 1.25 1.29 1.26
30.8.1999 2.24 2.34 2.37 2.39 n.a. 18.12.2000 1.09 n.a. 1.25 1.27 1.24
7.9.1999 2.27 2.38 n.a. n.a. n.a. 19.4.2001 1.07 0.99 1.21 1.23 1.11
13.9.1999 1.51 1.67 1.71 n.a. n.a. 25.4.2001 1.09 1.1 1.27 1.31 1.21
20.9.1999 1.98 2.03 2.1 n.a. n.a. 3.5.2001 0.63 0.72 0.84 0.89 0.8
30.9.1999 1.97 2.22 2.23 n.a. n.a. 8.5.2001 1.08 1.07 1.31 1.31 1.24
3.10.1999 2.1 2.3 2.31 n.a. n.a. 17.5.2001 1.12 1.12 1.31 1.4 1.32
13.10.1999 1.1 1.22 1.26 1.34 1.32 22.5.2001 0.9 n.a. 1.16 n.a. 1.19
18.10.1999 1.06 1.17 1.2 1.26 1.24 29.5.2001 1.12 n.a. 1.31 n.a. 1.29
25.10.1999 1.02 1.12 1.16 1.23 1.23 8.7.2001 1.73 n.a. 1.92 n.a. 2.06
2.11.1999 0.94 1.03 1.08 1.15 1.18 18.7.2001 n.a. n.a. n.a. n.a. n.a.
8.11.1999 0.92 1 1.05 1.1 1.13 10.9.2001 n.a. n.a. n.a. n.a. n.a.
17.11.1999 0.92 0.94 1.03 1.11 1.14 12.9.2001 0.94 n.a. 1.14 n.a. 1.18
25.4.2000 0.81 0.74 0.84 0.9 0.94 25.9.2001 1.12 n.a. 1.27 n.a. 1.34
27.4.2000 0.97 0.94 1.01 1.07 1.09 8.10.2001 1.14 n.a. 1.31 n.a. 1.34
2.5.2000 1.09 1.07 1.17 1.22 1.26 16.10.2001 1.11 n.a. 1.27 n.a. 1.25
4.5.2000 1.12 1.12 1.23 1.27 1.28 23.10.2001 1.13 n.a. 1.28 n.a. 1.32
8.5.2000 1.13 1.15 1.25 1.33 1.3 31.10.2001 1.14 1.18 1.29 1.31 1.32
10.5.2000 1.14 1.15 1.27 1.33 1.3 6.11.2001 n.a. 1.14 1.22 1.19 1.21
15.5.2000 1.16 1.17 1.29 1.35 1.33 13.11.2001 n.a. 1.17 1.26 1.27 1.3
17.5.2000 1.17 1.18 1.3 1.36 1.34 20.11.2001 n.a. 1.17 1.27 1.3 1.31
22.5.2000 n.a. 1.2 1.25 1.32 1.26 n.a.= not analysed
29.5.2000 n.a. n.a. 1.19 1.25 1.25
5.6.2000 n.a. n.a. 1.27 1.33 1.26
12.6.2000 n.a. 1.23 1.32 1.37 1.35
19.6.2000 n.a. 1.23 1.33 1.4 1.38
29.6.2000 n.a. 1.3 1.43 1.5 1.48
6.7.2000 n.a. 1.41 1.56 1.66 1.7
10.7.2000 n.a. 1.51 1.66 1.7 1.76
17.7.2000 n.a. 1.44 1.59 1.74 1.63
24.7.2000 n.a. 1.3 1.39 1.52 1.49
4.8.2000 n.a. 1.23 1.35 1.41 1.4
10.8.2000 n.a. 1.2 1.28 1.31 1.3
16.8.2000 n.a. 1.16 1.27 1.32 1.29
24.8.2000 n.a. 1.14 1.23 1.27 1.29
29.8.2000 n.a. 1.16 1.26 1.33 1.29
4.9.2000 n.a. 1.17 1.29 1.35 1.34
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Ilmajoki
date P1 P2 P3 P4 date P1 P2 P3 P4 date P1 P2 P3 P4
CD CD+LFD REF LFD CD CD+LFD REF LFD CD CD+LFD REF LFD
distance from soil surface [m] distance from soil surface [m] distance from soil surface [m]
19.3.1998 1.56 2.6 1.7 n.a. 28.5.1999 1.52 1.62 1.78 2.11 28.9.2000 1.43 1.42 1.59 1.68
30.3.1998 1.73 2.16 1.02 n.a. 4.6.1999 1.55 1.66 1.82 2.15 6.10.2000 1.39 1.3 1.43 1.44
2.4.1998 0.79 1.47 0.72 n.a. 11.6.1999 1.64 1.8 1.98 2.64 13.10.2000 1.36 1.21 1.4 1.39
3.4.1998 0.89 1.44 0.93 n.a. 17.6.1999 1.81 2.01 2.05 2.77 20.10.2000 1.37 1.31 1.43 1.47
8.4.1998 0.96 1.43 0.92 1.6 21.6.1999 1.92 2.12 2.14 2.45 26.10.2000 1.35 1.27 1.38 1.43
14.4.1998 1.21 1.54 1.22 1.59 24.6.1999 2.47 2.27 2.21 2.72 2.11.2000 0.67 0.65 1.2 0.91
21.4.1998 1.13 1.35 0.92 1.31 2.7.1999 2.24 2.34 2.46 2.67 10.11.2000 0.87 0.79 1.32 1.2
29.4.1998 1.06 1.18 0.71 1.04 15.7.1999 2.44 2.45 2.62 2.82 17.11.2000 0.99 0.9 1.37 1.34
11.5.1998 0.52 0.81 1.07 0.88 22.7.1999 2.49 2.5 2.67 2.77 24.11.2000 1.05 0.95 1.42 1.51
18.5.1998 0.75 0.88 1.07 1.12 29.7.1999 2.52 2.54 2.69 2.83 1.12.2000 0.57 0.37 1.16 0.87
26.5.1998 1.02 1.14 1.29 1.35 5.8.1999 2.69 2.71 2.84 2.95 7.12.2000 0.96 0.78 1.36 1.27
1.6.1998 1.21 1.36 1.4 1.52 13.8.1999 2.75 2.76 2.9 3 14.12.2000 0.63 0.48 1.21 0.99
9.6.1998 0.96 1.17 1.36 1.37 20.8.1999 2.8 2.82 2.9 3.04 22.12.2000 1.17 1.19 1.52 1.66
11.6.1998 1.13 1.25 1.41 1.49 27.8.1999 2.9 2.9 2.9 3.13 29.12.2000 1.35 1.35 1.68 1.89
18.6.1998 0.8 0.9 1.2 1.09 2.9.1999 2.9 2.93 2.9 3.17 5.1.2001 1.4 1.36 1.78 2.03
25.6.1998 0.99 1.13 1.33 1.44 9.9.1999 2.9 2.95 2.9 3.5 15.1.2001 1.35 1.3 1.64 2.07
2.7.1998 1.22 1.43 1.1 1.77 16.9.1999 2.9 2.95 2.9 3.5 19.1.2001 1.35 1.29 1.66 2.02
9.7.1998 1.49 1.7 1.8 2.11 23.9.1999 2.9 2.95 2.9 3.5 26.1.2001 1.4 1.27 1.62 1.71
16.7.1998 1.15 1.11 1.81 1.78 8.10.1999 2.9 2.95 2.9 3.26 9.2.2001 1.51 1.46 1.67 1.95
23.7.1998 0.69 0.81 1.14 1.52 15.10.1999 1.21 1.97 1.87 3.27 15.2.2001 1.08 1.08 1.25 1.61
30.7.1998 1.02 1.14 1.42 1.51 21.10.1999 1.25 1.72 1.88 3.29 22.2.2001 1.09 1.45 1.24 1.59
6.8.1998 1.14 1.27 1.47 1.54 29.10.1999 1.29 1.72 1.82 3.29 1.3.2001 1.49 1.6 1.23 1.47
13.8.1998 0.91 0.96 1.24 1.12 5.11.1999 1.29 1.63 1.74 3.27 8.3.2001 1.69 1.85 1.22 1.27
20.8.1998 0.68 0.83 1.15 1.12 18.11.1999 1.37 1.65 1.76 3.37 16.3.2001 1.84 2.05 1.12 1.37
27.8.1998 0.54 0.63 1.1 0.97 26.11.1999 1.49 1.81 1.92 3.35 22.3.2001 1.86 2 2.14 2.43
3.9.1998 1.18 1.19 1.19 1.33 3.12.1999 1.13 1.25 1.4 3.29 29.3.2001 1.95 2.07 2.2 2.5
11.9.1998 0.99 0.99 1.12 0.93 10.12.1999 1.33 1.47 1.59 1.87 6.4.2001 0.61 1.21 0.46 1.04
17.9.1998 1.09 1.08 1.16 1.17 17.12.1999 1.39 1.54 1.71 2.05 12.4.2001 0.84 0.78 1.21 0.99
29.9.1998 1.26 1.26 1.32 1.41 23.12.1999 1.4 1.54 1.74 2.09 27.4.2001 0.61 0.34 1.08 0.74
1.10.1998 1.29 1.29 1.34 1.45 30.12.1999 1.25 1.27 1.33 1.47 4.5.2001 1.23 0.73 1.31 0.99
8.10.1998 1.33 1.32 1.37 1.49 4.1.2000 1.21 1.25 1.34 1.52 7.5.2001 0.99 0.73 1.3 1.17
15.10.1998 1.09 1.05 1.18 1.07 13.1.2000 0.69 0.77 1.25 1.09 8.5.2001 1.17 0.89 n.a. n.a.
22.10.1998 1.11 1.07 1.13 1.07 21.1.2000 1.11 1.22 1.47 1.53 1.6.2001 1.33 1.39 1.64 1.79
29.10.1998 1.14 1.08 1.21 1.18 28.1.2000 1.4 1.47 1.7 1.92 8.6.2001 1.56 1.67 1.85 2.18
5.11.1998 1.28 1.21 1.26 1.31 3.2.2000 1.5 1.61 1.85 n.a. 15.6.2001 0.75 0.81 1.24 1.02
12.11.1998 1.39 1.43 1.52 1.65 10.2.2000 1.55 1.53 1.91 1.66 22.6.2001 1.28 1.31 1.54 1.75
19.11.1998 1.48 1.56 1.65 1.9 17.2.2000 1.4 1.4 1.6 1.49 29.6.2001 1.62 1.73 1.82 2.23
27.11.1998 1.41 1.37 1.71 1.11 24.2.2000 1.49 1.57 1.74 1.77 5.7.2001 1.84 1.92 2.61 2.36
9.12.1998 1.33 1.25 1.22 1.45 9.3.2000 1.38 1.48 1.62 1.48 3.8.2001 2.59 2.49 2.69 2.8
17.12.1998 1.1 1.06 0.9 1.12 17.3.2000 1.42 1.53 1.67 1.72 10.8.2001 2.65 2.52 2.74 2.8
23.12.1998 1.33 1.45 1.19 1.37 24.3.2000 1.5 1.59 1.76 1.82 17.8.2001 2.7 2.59 2.81 2.94
31.12.1998 1.58 1.65 1.57 1.8 31.3.2000 1.16 1.42 1.37 1.54 24.8.2001 2.71 2.58 2.82 3
7.1.1999 1.57 1.65 1.6 1.8 7.4.2000 0.85 0.95 1.27 1.22 31.8.2001 2.74 2.62 2.87 3.06
15.1.1999 1.61 1.71 1.65 1.91 13.4.2000 0.65 0.71 1.22 0.91 14.9.2001 1.59 1.61 2.87 3.09
22.1.1999 1.31 1.53 0.58 1.25 19.4.2000 0.64 0.62 1.2 0.7 21.9.2001 1.42 1.41 2.12 3.08
29.1.1999 1.43 1.44 1.29 1.39 28.4.2000 0.68 0.48 1.26 0.81 28.9.2001 1.5 1.46 2 3.03
4.2.1999 1.46 1.6 1.5 0.62 5.5.2000 1.35 1.12 1.42 1.71 5.10.2001 1.41 1.27 1.88 2.87
11.2.1999 1.57 1.77 1.7 0.89 12.5.2000 1.52 1.39 1.65 1.62 12.10.2001 1.11 1.00 1.37 1.39
18.2.1999 1.73 1.9 1.85 2.14 22.5.2000 1.58 1.58 1.79 1.92 19.10.2001 1.24 1.13 1.43 1.47
25.2.1999 1.82 2.01 1.97 2.24 27.5.2000 1.62 1.62 1.82 2.04 26.10.2001 1.37 1.31 1.51 1.65
4.3.1999 1.88 2.13 2.05 2.33 1.6.2000 1.52 1.42 1.71 1.63 3.11.2001 1.27 1.21 1.38 1.35
11.3.1999 1.89 2.22 2.14 2.77 9.6.2000 1.51 1.49 1.66 1.72 9.11.2001 1.24 1.18 1.48 1.57
18.3.1999 2.04 2.29 2.29 2.79 15.6.2000 1.59 1.56 1.82 1.9 26.11.2001 1.48 1.37 1.58 1.57
25.3.1999 2.18 2.34 2.47 2.56 6.7.2000 2.11 2.17 2.22 2.47 30.11.2001 1.49 1.36 1.59 1.59
1.4.1999 0.12 1.35 0.38 2.54 14.7.2000 2.34 2.32 2.45 2.62 7.12.2001 1.52 1.48 1.59 1.71
8.4.1999 0.6 0.93 0.49 0.86 21.7.2000 2.47 2.34 2.61 2.69 14.12.2001 1.59 1.52 1.73 1.84
15.4.1999 0.59 0.94 n.a. 1.05 4.8.2000 2.11 2.05 2.5 2.67 21.12.2001 1.69 1.69 1.84 2.05
22.4.1999 0.56 0.53 1.02 0.66 18.8.2000 1.56 1.53 1.57 1.65 14.1.2002 2.21 2.09 2.12 2.52
29.4.1999 0.7 0.67 1.13 0.88 1.9.2000 1.35 1.34 1.47 1.54 14.2.2002 1.14 1.47 1.12 1.36
7.5.1999 1.15 1.02 1.24 1.13 8.9.2000 1.39 1.36 1.51 1.59 7.3.2002 1.60 1.87 1.72 2.07
14.5.1999 1.32 1.29 1.46 1.51 15.9.2000 1.27 1.31 1.45 1.5 21.3.2002 1.22 1.53 0.69 1.61
21.5.1999 1.41 1.46 1.62 1.79 24.9.2000 1.41 1.39 1.54 1.63 n.a. = not analysed
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .46 The Finnish Environment 732
Drainage water quality
Mustasaari plots 16 and 17
P16 SL [-] [mmol l-1] [mg l-1] [µg l-1] [µg l-1] [µg l-1] P17 REF [-] [mmol l-1] [mg l-1] [µg l-1] [µg l-1] [µg l-1]
date pH ACID SO4-S FE AL MN date pH ACID SO4-S FE AL MN
14.4.1999 n.a. n.a. n.a. n.a. n.a. n.a. 14.4.1999 n.a. n.a. n.a. n.a. n.a. n.a.
19.4.1999 3.77 7.43 1242 2108 46000 n.a. 19.4.1999 3.73 8.97 1520 2517 60000 n.a.
21.4.1999 3.78 7.87 1156 2113 49000 n.a. 21.4.1999 3.74 9.16 1399 2558 61000 n.a.
26.4.1999 3.78 8.66 1353 6311 55000 n.a. 26.4.1999 3.74 9.84 1494 17708 68000 n.a.
28.4.1999 3.79 8.64 1386 2237 n.a. n.a. 28.4.1999 3.75 9.75 1529 14624 n.a. n.a.
3.5.1999 3.78 7.93 n.a. 2448 n.a. n.a. 3.5.1999 3.74 9.45 n.a. 3490 n.a. n.a.
5.5.1999 3.78 7.68 n.a. 246 n.a. n.a. 5.5.1999 3.75 9.28 n.a. 327 n.a. n.a.
11.5.1999 n.a. n.a. n.a. n.a. n.a. n.a. 11.5.1999 3.76 9.45 n.a. 2969 n.a. n.a.
17.5.1999 n.a. n.a. n.a. n.a. n.a. n.a. 17.5.1999 3.79 9.75 n.a. 2141 n.a. n.a.
13.10.1999 4.74 0.86 249 2640 5100 n.a. 13.10.1999 3.98 6.44 945 2783 51000 n.a.
18.10.1999 4.45 1.57 272 2215 10000 n.a. 18.10.1999 3.64 13.13 1672 2250 110000 n.a.
25.10.1999 4.38 1.81 260 1944 10000 n.a. 25.10.1999 3.74 9.96 1287 1976 84000 n.a.
2.11.1999 4.20 2.45 365 1905 16000 n.a. 2.11.1999 3.76 9.44 1271 3501 78000 n.a.
8.11.1999 n.a. n.a. n.a. n.a. n.a. n.a. 8.11.1999 n.a. n.a. n.a. n.a. n.a. n.a.
17.11.1999 4.39 2.28 354 3140 13000 n.a. 17.11.1999 3.78 8.99 1185 4061 75000 n.a.
24.11.1999 4.48 2.02 293 3153 9800 n.a. 24.11.1999 3.95 7.86 1042 4161 57000 n.a.
2.12.1999 4.14 4.49 626 8135 27000 n.a. 2.12.1999 3.82 9.54 1284 8824 67000 n.a.
14.12.1999 4.26 4.02 600 15515 22000 n.a. 14.12.1999 3.81 8.29 1108 n.a. 62000 n.a.
25.4.2000 3.86 7.39 1620 6940 48590 10900 25.4.2000 3.81 8.88 1711 6140 64960 14500
27.4.2000 3.77 7.94 1701 6210 49290 11100 27.4.2000 3.72 9.22 2070 5920 69490 14300
2.5.2000 3.75 8.98 1945 5980 63280 13600 2.5.2000 3.72 9.64 2165 5940 72230 15400
4.5.2000 3.74 9.42 1900 6790 66720 14900 4.5.2000 3.7 10.34 2099 6020 76060 16600
8.5.2000 3.72 10.07 2155 6520 72690 16500 8.5.2000 3.7 10.58 2289 4920 82180 18000
10.5.2000 3.71 10.84 2036 6090 71420 16200 10.5.2000 3.68 10.45 2240 4680 79020 16700
22.5.2000 3.76 4.80 1121 1960 34800 9730 22.5.2000 3.71 5.17 1150 2030 36590 9880
29.5.2000 3.72 7.41 1661 1700 54240 13200 29.5.2000 3.68 9.07 1999 1670 65510 15300
5.6.2000 n.a. n.a. n.a. n.a. n.a. n.a. 5.6.2000 3.66 10.26 2160 2000 76590 16800
16.8.2000 3.59 13.03 2880 1830 96000 15400 16.8.2000 3.57 14.64 3350 1720 96000 14000
24.8.2000 3.59 14.46 3550 1890 115000 16300 24.8.2000 3.56 15.38 3740 2220 119000 18400
18.10.2000 n.a. n.a. n.a. n.a. n.a. n.a. 18.10.2000 3.57 16.87 3930 3010 126000 19600
23.10.2000 3.69 12.55 2510 2780 99000 16500 23.10.2000 3.56 17.67 4100 2980 132000 21100
2.11.2000 3.63 14.18 4170 1960 106000 16700 2.11.2000 3.59 15.26 3300 2060 123000 18600
6.11.2000 3.60 14.02 3690 1670 106000 16600 6.11.2000 3.58 14.48 3460 2360 118000 18500
9.11.2000 3.62 14.53 2270 1520 110000 16000 9.11.2000 3.59 15.06 3900 1590 100000 16500
13.11.2000 3.59 14.77 3630 1810 116000 17300 13.11.2000 3.58 15.25 2960 2100 117000 18500
15.11.2000 3.62 13.61 3840 1670 106000 17000 15.11.2000 3.6 14.56 3250 1930 118000 18900
20.11.2000 3.60 14.66 4400 1680 111000 16200 20.11.2000 3.59 15.11 3520 2040 116000 18500
23.11.2000 3.51 14.03 3540 1610 115000 15100 23.11.2000 3.57 14.79 3810 1870 117000 17400
27.11.2000 3.64 14.12 3610 1620 106000 17200 27.11.2000 3.62 14.74 3470 1760 119000 17400
29.11.2000 3.61 13.28 3130 1730 105000 17300 29.11.2000 3.59 14.51 3350 1900 111000 17100
4.12.2000 n.a. n.a. n.a. n.a. n.a. n.a. 4.12.2000 n.a. n.a. n.a. n.a. n.a. n.a.
7.12.2000 3.64 11.96 2730 1390 94000 14700 7.12.2000 3.62 12.45 2660 1430 96000 15400
11.12.2000 3.63 12.10 2590 1430 92000 15400 11.12.2000 3.62 13.05 2730 1590 97000 16100
18.12.2000 3.64 7.88 2880 837 68000 10300 18.12.2000 3.62 12.11 2880 864 69000 10300
27.12.2000 n.a. n.a. n.a. n.a. n.a. n.a. 27.12.2000 3.72 12.19 3280 1370 100000 14900
18.4.2001 3.8 7.5 n.a. n.a. n.a. n.a. 18.4.2001 3.7 8.8 n.a. n.a. n.a. n.a.
24.4.2001 3.7 8.3 n.a. n.a. n.a. n.a. 24.4.2001 3.7 8.7 n.a. n.a. n.a. n.a.
2.5.2001 3.8 6.6 n.a. n.a. n.a. n.a. 2.5.2001 3.8 7.4 n.a. n.a. n.a. n.a.
7.5.2001 3.7 8.2 n.a. n.a. n.a. n.a. 7.5.2001 3.7 8.1 n.a. n.a. n.a. n.a.
16.5.2001 3.7 7.7 n.a. n.a. n.a. n.a. 16.5.2001 3.7 8.5 n.a. n.a. n.a. n.a.
21.5.2001 3.8 4.7 n.a. n.a. n.a. n.a. 21.5.2001 3.8 5.3 n.a. n.a. n.a. n.a.
28.5.2001 3.7 7.9 n.a. n.a. n.a. n.a. 28.5.2001 3.7 8.3 n.a. n.a. n.a. n.a.
16.10.2001 3.7 9.2 n.a. n.a. n.a. n.a. 16.10.2001 3.6 10.0 n.a. n.a. n.a. n.a.
22.10.2001 3.6 9.4 n.a. n.a. n.a. n.a. 22.10.2001 3.6 11.0 n.a. n.a. n.a. n.a.
30.10.2001 3.7 9.5 n.a. n.a. n.a. n.a. 30.10.2001 3.6 11.0 n.a. n.a. n.a. n.a.
5.11.2001 3.6 9.3 n.a. n.a. n.a. n.a. 5.11.2001 3.6 11.0 n.a. n.a. n.a. n.a.
12.11.2001 3.6 9.8 n.a. n.a. n.a. n.a. 12.11.2001 3.6 11.0 n.a. n.a. n.a. n.a.
19.11.2001 3.7 9.8 n.a. n.a. n.a. n.a. 19.11.2001 3.6 11.0 n.a. n.a. n.a. n.a.
26.11.2001 3.6 9.8 n.a. n.a. n.a. n.a. 26.11.2001 3.6 11.0 n.a. n.a. n.a. n.a.
n.a.= not analysed
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Mustasaari plots 18 and 19
P18 LFD [-] [mmol l-1] [mg l-1] [µg l-1] [µg l-1] [µg l-1] P19 LFD+CD [-] [mmol l-1] [mg l-1] [µg l-1] [µg l-1] [µg l-1]
date pH ACID SO4-S FE AL MN date pH ACID SO4-S FE AL MN
14.4.1999 n.a. n.a. n.a. n.a. n.a. n.a. 14.4.1999 3.91 8.99 1452 5761 56000 n.a.
19.4.1999 3.90 8.69 1409 3098 56000 n.a. 19.4.1999 3.86 9.30 1432 3664 54000 n.a.
21.4.1999 3.88 9.15 1330 2929 56000 n.a. 21.4.1999 3.78 9.68 1343 2975 61000 n.a.
26.4.1999 3.81 9.92 1431 4940 n.a. n.a. 26.4.1999 3.74 10.44 1460 2565 n.a. n.a.
28.4.1999 3.8 10.01 1456 4425 n.a. n.a. 28.4.1999 3.78 10.61 1519 7130 n.a. n.a.
3.5.1999 3.79 9.21 n.a. 4315 n.a. n.a. 3.5.1999 3.72 10.93 n.a. 1998 n.a. n.a.
5.5.1999 3.78 9.01 n.a. 367 n.a. n.a. 5.5.1999 3.72 10.54 n.a. 194 n.a. n.a.
11.5.1999 3.78 8.99 n.a. 2711 n.a. n.a. 11.5.1999 3.73 10.88 n.a. 1880 n.a. n.a.
17.5.1999 3.78 9.20 n.a. 2290 n.a. n.a. 17.5.1999 n.a. n.a. n.a. n.a. n.a. n.a.
13.10.1999 4.00 5.64 873 4238 46000 n.a. 13.10.1999 n.a. n.a. n.a. n.a. n.a. n.a.
18.10.1999 4.42 1.92 319 5460 13000 n.a. 18.10.1999 3.54 15.96 2067 12424 130000 n.a.
25.10.1999 4.16 3.37 474 2311 23000 n.a. 25.10.1999 3.55 14.23 1850 6686 120000 n.a.
2.11.1999 4.05 4.53 625 3115 34000 n.a. 2.11.1999 3.59 12.51 1650 5509 100000 n.a.
8.11.1999 n.a. n.a. n.a. n.a. n.a. n.a. 8.11.1999 n.a. n.a. n.a. n.a. n.a. n.a.
17.11.1999 4.26 3.91 566 3584 27000 n.a. 17.11.1999 3.61 11.86 1559 7190 93000 n.a.
24.11.1999 4.23 4.26 597 3695 29000 n.a. 24.11.1999 3.62 11.67 1540 8772 91000 n.a.
2.12.1999 4.15 5.60 863 12908 35000 n.a. 2.12.1999 3.80 9.91 1520 n.a. 72000 n.a.
14.12.1999 4.22 5.18 848 15157 30000 n.a. 14.12.1999 3.76 8.46 1405 7387 64000 n.a.
25.4.2000 3.88 7.99 1640 5720 52410 13300 25.4.2000 3.95 8.69 1943 9450 57080 14700
27.4.2000 3.78 8.60 1942 7530 61590 14300 27.4.2000 4.19 5.48 1654 4540 35070 11400
2.5.2000 3.72 9.69 2006 8530 67450 16000 2.5.2000 3.77 10.55 2297 11100 77250 18400
4.5.2000 3.72 10.27 1830 8860 72600 15600 4.5.2000 3.74 11.30 2329 11100 80950 19200
8.5.2000 3.71 10.30 2120 6450 74480 16800 8.5.2000 3.68 11.49 2321 11500 80980 19700
10.5.2000 3.69 10.44 2220 7900 76500 17000 10.5.2000 3.65 12.07 2410 10200 85870 20100
22.5.2000 3.71 5.34 1327 2080 38740 10800 22.5.2000 3.72 10.37 2380 3840 74800 18900
29.5.2000 3.72 8.22 1900 1550 59210 14600 29.5.2000 3.70 10.03 2351 2580 72110 18300
5.6.2000 n.a. n.a. n.a. n.a. n.a. n.a. 5.6.2000 n.a. n.a. n.a. n.a. n.a. n.a.
16.8.2000 3.57 14.87 4140 1810 110000 16300 16.8.2000 n.a. n.a. n.a. n.a. n.a. n.a.
24.8.2000 3.56 16.13 3700 2040 114000 16900 24.8.2000 n.a. n.a. n.a. n.a. n.a. n.a.
18.10.2000 3.55 16.73 3420 3280 124000 21000 18.10.2000 n.a. n.a. n.a. n.a. n.a. n.a.
23.10.2000 3.57 16.16 2850 3200 128000 22200 23.10.2000 3.50 16.76 4430 5180 131000 25000
2.11.2000 3.57 12.42 3200 2220 114000 18500 2.11.2000 3.53 13.60 1690 2500 107000 18700
6.11.2000 3.56 13.93 4090 1980 104000 17000 6.11.2000 3.53 13.59 3780 2420 98000 19200
9.11.2000 3.57 14.66 3210 1140 61000 10700 9.11.2000 3.53 20.28 2920 2220 111000 17600
13.11.2000 3.57 14.58 3700 2110 114000 18200 13.11.2000 3.52 14.09 3310 2280 109000 19100
15.11.2000 3.58 13.92 3530 2340 111000 19400 15.11.2000 3.52 13.49 4080 2560 107000 19400
20.11.2000 3.57 14.60 4350 1830 109000 16600 20.11.2000 3.52 14.00 3460 2110 109000 17200
23.11.2000 3.55 14.38 3370 1890 109000 18400 23.11.2000 3.55 13.40 3220 2020 110000 18100
27.11.2000 3.60 14.20 3560 1730 111000 17100 27.11.2000 3.56 13.52 3700 2360 104000 20100
29.11.2000 3.56 13.51 3830 1870 102000 17200 29.11.2000 3.52 13.31 2000 2120 100000 18500
4.12.2000 n.a. n.a. n.a. n.a. n.a. n.a. 4.12.2000 3.57 11.42 3020 1900 89000 16100
7.12.2000 3.60 11.82 1970 1870 92000 17500 7.12.2000 3.56 11.53 3170 1460 89000 14900
11.12.2000 3.60 12.32 3050 1490 99000 14700 11.12.2000 3.55 12.22 2900 1680 92000 16700
18.12.2000 3.62 7.76 3350 1110 77000 12900 18.12.2000 3.62 7.79 1500 849 44000 8150
27.12.2000 3.68 12.00 3410 1710 97000 15600 27.12.2000 3.62 12.03 3030 2500 86000 16400
18.4.2001 3.7 8.7 n.a. n.a. n.a. n.a. 18.4.2001 3.8 8.8 n.a. n.a. n.a. n.a.
24.4.2001 3.7 9.1 n.a. n.a. n.a. n.a. 24.4.2001 3.7 8.5 n.a. n.a. n.a. n.a.
2.5.2001 3.8 6.9 n.a. n.a. n.a. n.a. 2.5.2001 3.8 7.4 n.a. n.a. n.a. n.a.
7.5.2001 3.7 8.1 n.a. n.a. n.a. n.a. 7.5.2001 3.7 8.3 n.a. n.a. n.a. n.a.
16.5.2001 3.7 8.3 n.a. n.a. n.a. n.a. 16.5.2001 3.7 8.6 n.a. n.a. n.a. n.a.
21.5.2001 3.8 5.3 n.a. n.a. n.a. n.a. 21.5.2001 3.7 8.1 n.a. n.a. n.a. n.a.
28.5.2001 3.7 8.2 n.a. n.a. n.a. n.a. 28.5.2001 3.7 8.4 n.a. n.a. n.a. n.a.
16.10.2001 3.6 11.0 n.a. n.a. n.a. n.a. 16.10.2001 3.5 11.0 n.a. n.a. n.a. n.a.
22.10.2001 3.6 11.0 n.a. n.a. n.a. n.a. 22.10.2001 3.5 9.5 n.a. n.a. n.a. n.a.
30.10.2001 3.6 12.0 n.a. n.a. n.a. n.a. 30.10.2001 3.6 12.0 n.a. n.a. n.a. n.a.
5.11.2001 3.6 11.0 n.a. n.a. n.a. n.a. 5.11.2001 3.5 12.0 n.a. n.a. n.a. n.a.
12.11.2001 3.6 12.0 n.a. n.a. n.a. n.a. 12.11.2001 3.5 12.0 n.a. n.a. n.a. n.a.
19.11.2001 3.6 12.0 n.a. n.a. n.a. n.a. 19.11.2001 3.6 12.0 n.a. n.a. n.a. n.a.
26.11.2001 3.6 12.0 n.a. n.a. n.a. n.a. 26.11.2001 3.6 12.0 n.a. n.a. n.a. n.a.
n.a.= not analysed
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Mustasaari plot 20
P20  CD [-] [mmol l-1] [mg l-1] [µg l-1] [µg l-1] [µg l-1]
date pH ACID SO4-S FE AL MN
14.4.1999 3.71 9.91 1368 3536 54000 n.a.
19.4.1999 3.71 9.15 1334 2789 52000 n.a.
21.4.1999 3.72 9.99 1320 2993 62000 n.a.
26.4.1999 3.72 10.21 1413 3071 n.a. n.a.
28.4.1999 3.75 8.99 1430 13655 n.a. n.a.
3.5.1999 3.74 10.17 n.a. 3092 n.a. n.a.
5.5.1999 3.71 9.66 n.a. 191 n.a. n.a.
11.5.1999 n.a. n.a. n.a. n.a. n.a. n.a.
17.5.1999 n.a. n.a. n.a. n.a. n.a. n.a.
13.10.1999 3.73 8.46 1380 1846 n.a. n.a.
18.10.1999 4.33 n.a. 317 2227 12000 n.a.
25.10.1999 4.24 2.14 393 1900 14000 n.a.
2.11.1999 4.08 2.34 540 1835 21000 n.a.
8.11.1999 n.a. 3.24 n.a. n.a. n.a. n.a.
17.11.1999 4.23 3.02 450 4005 18000 n.a.
24.11.1999 4.27 3.28 483 4665 19000 n.a.
2.12.1999 4.03 5.27 717 7861 34000 n.a.
14.12.1999 4.14 4.62 729 10007 30000 n.a.
25.4.2000 3.75 8.43 1744 4330 59600 12400
27.4.2000 3.68 9.22 2065 5040 69120 15700
2.5.2000 3.68 10.22 2040 8560 72970 17200
4.5.2000 3.66 10.73 2250 9550 75590 18100
8.5.2000 3.64 11.35 2418 9060 83510 20600
10.5.2000 n.a. n.a. n.a. n.a. n.a. n.a.
22.5.2000 3.70 5.33 1382 2070 38620 11200
29.5.2000 3.64 7.71 1697 1620 56420 14500
5.6.2000 n.a. n.a. n.a. n.a. n.a. n.a.
16.8.2000 n.a. n.a. n.a. n.a. n.a. n.a.
24.8.2000 3.51 15.40 4070 2850 106000 19500
18.10.2000 3.52 15.26 3720 4420 116000 20200
23.10.2000 3.60 10.76 3590 4140 92000 17700
2.11.2000 3.54 13.71 2660 2760 97000 16200
6.11.2000 3.54 11.26 3180 2170 87000 13400
9.11.2000 3.54 12.70 3010 2220 89000 14700
13.11.2000 3.54 12.86 3510 2700 89000 14200
15.11.2000 3.53 12.66 3330 3110 96000 16000
20.11.2000 3.53 13.29 1760 3470 95000 16200
23.11.2000 3.52 13.41 2840 4130 102000 16400
27.11.2000 3.57 11.90 3590 2680 89000 14700
29.11.2000 3.53 12.31 1610 2530 89000 15100
4.12.2000 3.54 10.22 2060 1820 80000 13200
7.12.2000 3.54 10.93 2470 1480 79000 11100
11.12.2000 3.54 11.94 2330 2520 91000 15100
18.12.2000 3.53 6.91 2830 1780 78000 12900
27.12.2000 3.53 11.97 2520 2680 95000 18200
18.4.2001 3.7 8.7 n.a. n.a. n.a. n.a.
24.4.2001 3.7 8.8 n.a. n.a. n.a. n.a.
2.5.2001 3.7 8.3 n.a. n.a. n.a. n.a.
7.5.2001 3.7 8.8 n.a. n.a. n.a. n.a.
16.5.2001 3.7 8.8 n.a. n.a. n.a. n.a.
21.5.2001 3.7 7.6 n.a. n.a. n.a. n.a.
28.5.2001 3.7 8.6 n.a. n.a. n.a. n.a.
16.10.2001 3.5 14.0 n.a. n.a. n.a. n.a.
22.10.2001 3.5 9.6 n.a. n.a. n.a. n.a.
30.10.2001 3.5 14.0 n.a. n.a. n.a. n.a.
5.11.2001 3.5 12.0 n.a. n.a. n.a. n.a.
12.11.2001 3.5 14.0 n.a. n.a. n.a. n.a.
19.11.2001 3.6 13.0 n.a. n.a. n.a. n.a.
26.11.2001 3.5 12.0 n.a. n.a. n.a. n.a.
n.a.= not analysed
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Ilmajoki: pH
[-] [-] [-] [-] [-] [-] [-] [-]
pH pH pH pH pH pH pH pH
plot P2 P4 P1 P3 plot P2 P4 P1 P3
 date LFD+CD LFD CD REF  date LFD+CD LFD CD REF
28.11.1996 4.37 4.40 4.05 4.04 18.10.1999 4.78 n.a. 4.31 n.a.
3.6.1997 n.a. n.a. 4.15 3.95 25.10.1999 n.a. n.a. 4.34 n.a.
17.11.1997 5.08 4.02 5.31 4.97 31.10.1999 n.a. n.a. n.a. n.a.
21.4.1998 6.43 10.48 5.55 5.98 2.11.1999 n.a. n.a. 4.33 n.a.
23.4.1998 6.16 10.56 6.21 6.06 8.11.1999 n.a. n.a. 4.39 n.a.
27.4.1998 5.98 10.20 4.88 4.75 25.4.2000 6.48 6.01 4.40 4.20
28.4.1998 6.63 10.74 5.16 6.06 27.4.2000 6.36 6.5 4.38 4.24
4.5.1998 6.47 9.59 4.79 5.65 2.5.2000 6.23 5.62 4.4 4.02
5.5.1998 8.59 9.62 5.47 5.66 4.5.2000 4.71 5.11 4.14 3.99
11.5.1998 8.80 9.10 5.70 4.40 8.5.2000 4.44 4.45 4.19 n.a.
13.5.1998 9.00 8.10 5.50 4.40 10.5.2000 n.a. n.a. 4.21 n.a.
18.5.1998 10.60 6.60 4.90 4.30 15.5.2000 n.a. n.a. 4.22 n.a.
25.5.1998 10.30 6.20 5.00 4.20 17.5.2000 n.a. n.a. 4.21 n.a.
17.6.1998 6.80 6.30 5.30 4.20 29.5.2000 n.a. n.a. 4.22 n.a.
23.6.1998 7.40 6.10 5.20 4.20 5.6.2000 n.a. n.a. 4.18 3.98
29.6.1998 7.10 5.90 5.00 4.30 12.6.2000 n.a. n.a. 4.19 n.a.
27.7.1998 6.60 4.80 4.90 4.20 24.8.2000 3.90 n.a. n.a. n.a.
3.8.1998 7.13 5.11 4.92 4.48 4.9.2000 n.a. 4.45 n.a. 3.86
11.8.1998 7.05 5.97 4.89 4.54 12.9.2000 n.a. 3.79 n.a. 4.18
17.8.1998 6.22 5.99 4.85 4.16 18.9.2000 n.a. 4.31 n.a. n.a.
24.8.1998 6.26 5.42 4.87 4.16 18.10.2000 n.a. 4.33 n.a. 3.86
1.9.1998 6.17 4.82 4.18 4.07 23.10.2000 4.44 4.33 4.23 3.87
8.9.1998 6.34 4.59 4.40 4.02 2.11.2000 6.39 3.58 4.50 4.03
17.9.1998 6.20 4.87 4.37 4.03 6.11.2000 6.35 5.54 4.45 4.02
23.9.1998 5.68 4.49 4.35 4.05 9.11.2000 4.39 n.a. 6.13 n.a.
1.10.1998 5.54 4.35 4.31 3.91 13.11.2000 6.14 n.a. 4.40 3.89
7.10.1998 5.29 4.30 4.32 3.93 15.11.2000 6.11 n.a. 4.46 3.94
13.10.1998 5.81 4.85 4.18 3.89 20.11.2000 6.07 n.a. 4.45 3.90
21.10.1998 5.98 6.00 4.35 4.12 23.11.2000 6.21 4.35 4.42 3.87
26.10.1998 5.66 5.20 4.31 4.08 27.11.2000 5.98 4.53 4.47 3.95
29.10.1998 5.22 4.80 4.27 4.03 29.11.2000 5.87 4.45 4.46 3.90
2.11.1998 5.43 5.23 4.47 4.32 4.12.2000 5.94 4.83 4.38 3.90
5.11.1998 4.72 4.71 4.29 4.04 7.12.2000 5.88 4.48 4.37 3.93
9.11.1998 4.50 4.47 4.25 4.00 11.12.2000 4.40 6.05 4.65 3.92
12.11.1998 5.13 4.50 4.27 4.02 18.12.2000 5.72 4.52 4.42 3.90
18.11.1998 6.24 6.16 4.32 4.32 27.12.2000 6.00 n.a. 4.38 n.a.
23.11.1998 6.40 5.93 4.66 5.38 18.4.2001 6.6 6.2 4.4 4.1
2.12.1998 6.45 6.26 4.46 4.33 24.4.2001 6.5 6.1 4.4 4.2
10.12.1998 4.72 6.38 4.23 4.80 2.5.2001 6.4 6.4 4.5 4.3
14.12.1998 4.57 6.22 4.22 4.47 7.5.2001 6.2 6.2 4.4 4.1
21.12.1998 5.45 6.56 4.28 4.71 16.5.2001 6.3 n.a. 4.3 n.a.
28.12.1998 5.24 5.40 4.31 4.29 21.5.2001 6.2 6.0 4.3 4.1
19.1.1999 6.81 n.a. 4.64 4.43 28.5.2001 6.3 n.a. 4.4 n.a.
15.4.1999 6.26 6.55 5.21 4.56 15.10.2001 5.3 4.5 4.3 3.9
20.4.1999 6.57 6.44 4.83 4.40 22.10.2001 5.7 4.4 4.2 3.9
22.4.1999 6.47 6.20 4.64 4.30 30.10.2001 4.8 4.4 4.2 3.8
27.4.1999 6.46 6.04 4.64 4.17 6.11.2001 5.8 n.a. 4.2 n.a.
29.4.1999 6.52 5.95 4.91 4.25 12.11.2001 5.8 4.4 4.2 3.9
4.5.1999 6.31 5.52 4.87 4.17 19.11.2001 4.8 n.a. 4.2 n.a.
6.5.1999 5.62 5.29 4.31 4.14 26.11.2001 5.0 n.a. 4.2 n.a.
10.5.1999 4.34 4.93 4.18 4.88 17.4.2002 6.6 6.3 5.6 4.3
18.5.1999 n.a. n.a. n.a. n.a. 2.5.2002 6.8 6.1 4.6 4.1
13.10.1999 5.47 n.a. 4.38 n.a. 16.5.2002 6.2 4.4 4.4 3.9
n.a.= not analysed n.a.= not analysed
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Ilmajoki: acidity
[mmol l-1] [mmol l-1] [mmol l-1] [mmol l-1] [mmol l-1] [mmol l-1] [mmol l-1] [mmol l-1]
ACID ACID ACID ACID ACID ACID ACID ACID
plot P2 P4 P1 P3 plot P2 P4 P1 P3
 date LFD+CD LFD CD REF  date LFD+CD LFD CD REF
28.11.1996 n.a. n.a. n.a. n.a. 18.10.1999 1.40 2.77 n.a. n.a.
3.6.1997 n.a. n.a. n.a. n.a. 25.10.1999 n.a. 2.58 n.a. n.a.
17.11.1997 n.a. n.a. n.a. n.a. 31.10.1999 n.a. n.a. n.a. n.a.
21.4.1998 0.68 0.00 1.93 0.49 2.11.1999 n.a. 1.94 n.a. n.a.
23.4.1998 0.33 n.a. 0.94 0.59 8.11.1999 n.a. 2.02 n.a. n.a.
27.4.1998 1.43 n.a. 2.72 1.93 25.4.2000 0.97 1.57 2.86 3.67
28.4.1998 0.75 n.a. 2.52 1.21 27.4.2000 1.08 1.02 2.75 3.75
4.5.1998 0.73 0.00 2.12 1.07 2.5.2000 1.93 1.66 2.58 4.18
5.5.1998 n.a. n.a. 2.82 1.74 4.5.2000 1.87 1.94 3.51 4.33
11.5.1998 n.a. n.a. 1.57 2.99 8.5.2000 2.41 2.28 2.96 n.a.
13.5.1998 n.a. 0.05 1.91 3.31 10.5.2000 n.a. n.a. 3.11 n.a.
18.5.1998 n.a. 0.43 1.64 3.70 15.5.2000 n.a. n.a. 3.31 n.a.
25.5.1998 n.a. 1.25 2.03 3.47 17.5.2000 n.a. n.a. 2.99 n.a.
17.6.1998 0.79 0.88 2.87 3.78 29.5.2000 n.a. n.a. 2.87 n.a.
23.6.1998 0.29 1.03 2.74 3.71 5.6.2000 n.a. n.a. 3.61 4.84
29.6.1998 0.46 1.95 2.36 2.30 12.6.2000 n.a. n.a. 3.75 n.a.
27.7.1998 1.34 2.69 3.50 n.a. 24.8.2000 5.41 n.a. n.a. n.a.
3.8.1998 0.46 2.66 2.99 2.25 4.9.2000 n.a. 3.26 n.a. 4.79
11.8.1998 0.51 2.64 3.26 2.75 12.9.2000 n.a. 5.31 n.a. 3.95
17.8.1998 2.39 2.47 3.15 5.17 18.9.2000 n.a. 3.08 n.a. n.a.
24.8.1998 2.10 2.82 3.34 4.97 18.10.2000 n.a. 4.66 n.a. 5.38
1.9.1998 1.81 3.06 4.54 5.03 23.10.2000 2.01 3.61 2.22 5.12
8.9.1998 1.72 3.72 4.19 5.41 2.11.2000 2.69 3.09 3.45 4.97
17.9.1998 2.91 2.78 5.37 6.11 6.11.2000 1.37 2.75 2.83 3.92
23.9.1998 3.03 3.29 5.30 5.51 9.11.2000 3.24 n.a. 2.42 n.a.
1.10.1998 2.97 3.89 4.95 6.01 13.11.2000 2.17 n.a. 3.11 5.46
7.10.1998 2.91 3.24 5.23 5.20 15.11.2000 1.95 n.a. 3.36 4.67
13.10.1998 2.67 2.79 5.11 5.82 20.11.2000 2.65 n.a. 3.26 5.09
21.10.1998 2.12 1.98 4.52 4.96 23.11.2000 1.88 3.39 2.95 5.19
26.10.1998 2.28 2.52 4.67 4.71 27.11.2000 2.62 3.64 3.15 5.41
29.10.1998 2.13 2.69 4.36 4.85 29.11.2000 2.47 3.32 2.21 5.18
2.11.1998 2.74 2.85 4.53 4.96 4.12.2000 2.34 3.17 2.95 4.89
5.11.1998 2.36 2.61 4.35 4.64 7.12.2000 2.27 3.29 3.03 4.34
9.11.1998 3.68 3.53 4.16 4.47 11.12.2000 3.58 2.04 3.44 5.15
12.11.1998 2.53 2.87 4.70 4.63 18.12.2000 3.12 2.48 3.48 4.34
18.11.1998 1.52 0.35 3.72 2.69 27.12.2000 2.67 n.a. 3.40 n.a.
23.11.1998 0.43 0.45 1.56 0.74 18.4.2001 1.60 1.50 4.00 4.50
2.12.1998 0.54 0.33 2.84 2.62 24.4.2001 1.40 1.20 2.80 3.20
10.12.1998 2.22 0.68 3.83 1.23 2.5.2001 1.70 1.50 3.70 3.80
14.12.1998 2.66 0.97 4.22 2.10 7.5.2001 1.90 0.91 3.80 4.30
21.12.1998 1.94 1.01 4.33 1.90 16.5.2001 0.96 n.a. 3.10 n.a.
28.12.1998 2.26 0.93 3.47 2.81 21.5.2001 2.60 2.30 3.40 3.80
19.1.1999 0.40 n.a. 1.55 1.91 28.5.2001 1.60 n.a. 1.90 n.a.
15.4.1999 0.78 0.72 1.59 1.66 15.10.2001 2.50 3.00 2.70 3.90
20.4.1999 1.00 1.06 2.85 3.33 22.10.2001 2.80 3.90 3.60 4.40
22.4.1999 1.11 1.41 3.26 3.71 30.10.2001 2.30 3.30 2.90 4.30
27.4.1999 1.21 1.98 3.48 4.65 6.11.2001 1.10 n.a. 2.20 n.a.
29.4.1999 1.26 1.68 3.06 4.27 12.11.2001 2.50 2.90 2.80 3.70
4.5.1999 1.72 1.62 2.99 4.26 19.11.2001 2.60 n.a. 3.10 n.a.
6.5.1999 1.95 1.99 4.53 4.50 26.11.2001 2.00 n.a. 2.70 n.a.
10.5.1999 4.46 2.48 3.32 1.39 17.4.2002 0.92 0.70 1.30 3.10
18.5.1999 n.a. n.a. n.a. n.a. 2.5.2002 0.60 1.00 1.50 3.10
13.10.1999 0.83 2.32 n.a. n.a. 16.5.2002 1.00 2.60 2.40 4.40
n.a.= not analysed n.a.= not analysed
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Ilmajoki: sulphate sulphur
[mg l-1] [mg l-1] [mg l-1] [mg l-1] [mg l-1] [mg l-1] [mg l-1] [mg l-1]
SO4-S SO4-S SO4-S SO4-S SO4-S SO4-S SO4-S SO4-S
plot P2 P4 P1 P3 plot P2 P4 P1 P3
 date LFD+CD LFD CD REF  date LFD+CD LFD CD REF
28.11.1996 n.a. n.a. n.a. n.a. 18.10.1999 312 n.a. 343 n.a.
3.6.1997 n.a. n.a. n.a. n.a. 25.10.1999 n.a. n.a. 260 n.a.
17.11.1997 n.a. n.a. n.a. n.a. 31.10.1999 n.a. n.a. 490 n.a.
21.4.1998 72 n.a. 116 41 2.11.1999 n.a. n.a. 274 n.a.
23.4.1998 n.a. 38 40 43 8.11.1999 n.a. n.a. 280 n.a.
27.4.1998 201 126 227 189 25.4.2000 405 381 398 492
28.4.1998 127 95 186 82 27.4.2000 458 347 483 571
4.5.1998 179 122 205 96 2.5.2000 625 527 443 642
5.5.1998 180 120 210 130 4.5.2000 520 539 501 606
11.5.1998 170 260 180 330 8.5.2000 530 657 452 n.a.
13.5.1998 150 310 210 440 10.5.2000 n.a. n.a. 430 n.a.
18.5.1998 150 370 260 480 15.5.2000 n.a. n.a. 433 n.a.
25.5.1998 170 510 210 410 17.5.2000 n.a. n.a. 423 n.a.
17.6.1998 270 410 210 370 29.5.2000 n.a. n.a. 377 n.a.
23.6.1998 280 410 220 390 5.6.2000 n.a. n.a. 474 732
29.6.1998 270 350 260 350 12.6.2000 n.a. n.a. 423 n.a.
27.7.1998 300 550 240 n.a. 24.8.2000 623 n.a. n.a. n.a.
3.8.1998 270 580 230 240 4.9.2000 n.a. 703 n.a. 657
11.8.1998 260 290 260 100 12.9.2000 n.a. 533 n.a. 602
17.8.1998 510 440 240 400 18.9.2000 n.a. 627 n.a. n.a.
24.8.1998 390 460 230 410 18.10.2000 n.a. 687 n.a. 627
1.9.1998 330 540 490 500 23.10.2000 590 682 318 642
8.9.1998 420 590 360 470 2.11.2000 488 493 322 507
17.9.1998 470 560 430 490 6.11.2000 454 479 375 485
23.9.1998 460 610 440 510 9.11.2000 544 n.a. 326 n.a.
1.10.1998 450 600 400 510 13.11.2000 517 n.a. 325 573
7.10.1998 470 580 420 500 15.11.2000 512 n.a. 320 577
13.10.1998 580 680 480 590 20.11.2000 526 n.a. 303 595
21.10.1998 400 450 390 460 23.11.2000 404 582 318 534
26.10.1998 440 500 380 470 27.11.2000 508 600 292 603
29.10.1998 440 550 420 500 29.11.2000 562 608 288 610
2.11.1998 550 590 430 560 4.12.2000 542 567 312 575
5.11.1998 460 500 410 520 7.12.2000 562 586 298 575
9.11.1998 490 650 430 550 11.12.2000 350 488 540 554
12.11.1998 450 530 400 490 18.12.2000 554 500 300 533
18.11.1998 200 40 380 280 27.12.2000 421 n.a. 311 n.a.
23.11.1998 n.a. n.a. 170 n.a. 18.4.2001 340 380 430 500
2.12.1998 94 n.a. 370 310 24.4.2001 400 360 360 470
10.12.1998 370 100 430 160 2.5.2001 350 300 390 440
14.12.1998 410 160 430 240 7.5.2001 400 390 380 470
21.12.1998 380 160 370 200 16.5.2001 410 n.a. 340 n.a.
28.12.1998 430 170 410 340 21.5.2001 440 380 310 440
19.1.1999 130 n.a. 140 250 28.5.2001 430 n.a. 250 n.a.
15.4.1999 202 170 146 215 15.10.2001 520 570 330 510
20.4.1999 268 228 242 340 22.10.2001 500 600 320 560
22.4.1999 313 285 290 382 30.10.2001 480 600 290 560
27.4.1999 343 333 320 485 6.11.2001 490 n.a. 320 n.a.
29.4.1999 354 319 268 480 12.11.2001 440 590 310 560
4.5.1999 376 280 248 542 19.11.2001 440 n.a. 300 n.a.
6.5.1999 397 339 417 520 26.11.2001 440 n.a. 290 n.a.
10.5.1999 381 391 400 419 17.4.2002 200 210 130 400
18.5.1999 384 229 362 n.a. 2.5.2002 280 260 250 420
13.10.1999 325 n.a. 310 n.a. 16.5.2002 330 500 280 590
n.a.= not analysed n.a.= not analysed
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Ilmajoki: total manganese
[µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1]
Mn, tot Mn, tot Mn, tot Mn, tot Mn, tot Mn, tot Mn, tot Mn, tot
plot P2 P4 P1 P3 plot P2 P4 P1 P3
 date LFD+CD LFD CD REF  date LFD+CD LFD CD REF
28.11.1996 3453 5500 4600 4900 18.10.1999 n.a. n.a. n.a. n.a.
3.6.1997 n.a. n.a. 3400 4900 25.10.1999 n.a. n.a. n.a. n.a.
17.11.1997 940 5300 390 6100 31.10.1999 n.a. n.a. n.a. n.a.
21.4.1998 637 258 1386 380 2.11.1999 n.a. n.a. n.a. n.a.
23.4.1998 320 54 482 220 8.11.1999 n.a. n.a. n.a. n.a.
27.4.1998 1963 1309 2259 1828 25.4.2000 2397 2693 3441 4421
28.4.1998 699 89 1717 483 27.4.2000 2771 1502 3814 4951
4.5.1998 1352 446 519 619 2.5.2000 4136 3749 3466 5802
5.5.1998 1255 1501 1586 703 4.5.2000 4702 4281 4888 5869
11.5.1998 320 1683 887 3454 8.5.2000 5044 5262 4126 n.a.
13.5.1998 303 2791 1214 3994 10.5.2000 n.a. n.a. 4307 n.a.
18.5.1998 278 2832 2056 4862 15.5.2000 n.a. n.a. 3918 n.a.
25.5.1998 95 6183 1848 4636 17.5.2000 n.a. n.a. 3892 n.a.
17.6.1998 1127 2611 2053 3320 29.5.2000 n.a. n.a. 3773 n.a.
23.6.1998 1267 2626 2115 3913 5.6.2000 n.a. n.a. 4421 7109
29.6.1998 1195 3045 2120 2729 12.6.2000 n.a. n.a. 4125 n.a.
27.7.1998 1729 4584 2207 n.a. 24.8.2000 5900 n.a. n.a. n.a.
3.8.1998 1520 5492 2715 2486 4.9.2000 n.a. 6328 n.a. 5721
11.8.1998 1321 5710 2732 1267 12.9.2000 n.a. 5698 n.a. 5807
17.8.1998 4877 4390 2688 4723 18.9.2000 n.a. 6388 n.a. n.a.
24.8.1998 2210 4214 2539 4269 18.10.2000 n.a. 6321 n.a. 5865
1.9.1998 2923 4755 5025 4639 23.10.2000 5947 6383 3471 6119
8.9.1998 5487 5449 3867 4755 2.11.2000 2764 3589 2732 4834
17.9.1998 6287 6930 5671 6750 6.11.2000 2654 3807 3246 4756
23.9.1998 4210 5226 4198 4943 9.11.2000 3075 n.a. 3831 n.a.
1.10.1998 5063 5859 4278 5396 13.11.2000 3605 n.a. 2843 5707
7.10.1998 5311 5979 4463 5028 15.11.2000 3823 n.a. 2889 5707
13.10.1998 5603 6809 5384 6168 20.11.2000 3770 n.a. 2875 6160
21.10.1998 2450 2887 3735 4146 23.11.2000 2693 5044 2973 5185
26.10.1998 3246 3991 3709 4403 27.11.2000 3981 5709 2393 6051
29.10.1998 4138 4831 4394 4639 29.11.2000 4754 5672 2450 6108
2.11.1998 4639 5178 4253 5024 4.12.2000 4609 5106 3036 5853
5.11.1998 4131 4700 4362 4979 7.12.2000 4754 5283 2917 5906
9.11.1998 n.a. n.a. n.a. n.a. 11.12.2000 3368 3991 4862 5750
12.11.1998 4852 4790 4297 4759 18.12.2000 4717 4429 2818 5325
18.11.1998 2099 304 3924 3027 27.12.2000 3562 n.a. 2963 n.a.
23.11.1998 715 357 1490 502 18.4.2001 1700 2400 3700 4600
2.12.1998 767 370 3458 2575 24.4.2001 2000 2400 3100 4200
10.12.1998 3251 619 4377 1183 2.5.2001 2300 1800 3500 4100
14.12.1998 3922 1118 4377 1911 7.5.2001 2500 2600 3600 4600
21.12.1998 2845 779 4137 1311 16.5.2001 2700 n.a. 3100 n.a.
28.12.1998 4395 1925 4103 3200 21.5.2001 2800 2600 2700 4100
19.1.1999 938 n.a. 1471 2382 28.5.2001 2600 n.a. 2000 n.a.
15.4.1999 n.a. n.a. n.a. n.a. 15.10.2001 4500 5200 3000 5200
20.4.1999 n.a. n.a. n.a. n.a. 22.10.2001 3600 5700 3100 5800
22.4.1999 n.a. n.a. n.a. n.a. 30.10.2001 4800 5900 2900 6000
27.4.1999 n.a. n.a. n.a. n.a. 6.11.2001 3600 n.a. 3000 n.a.
29.4.1999 n.a. n.a. n.a. n.a. 12.11.2001 3000 5100 3200 5700
4.5.1999 n.a. n.a. n.a. n.a. 19.11.2001 3900 n.a. 3300 n.a.
6.5.1999 n.a. n.a. n.a. n.a. 26.11.2001 3500 n.a. 3000 n.a.
10.5.1999 n.a. n.a. n.a. n.a. 17.4.2002 650 1500 950 4100
18.5.1999 n.a. n.a. n.a. n.a. 2.5.2002 850 1800 1900 4200
13.10.1999 n.a. n.a. n.a. n.a. 16.5.2002 1900 4800 2900 6500
n.a.= not analysed n.a.= not analysed
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Ilmajoki: total iron
[µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1]
Fe, tot Fe, tot Fe, tot Fe, tot Fe, tot Fe, tot Fe, tot Fe, tot
plot P2 P4 P1 P3 plot P2 P4 P1 P3
 date LFD+CD LFD CD REF  date LFD+CD LFD CD REF
28.11.1996 96 84 100 120 18.10.1999 134 n.a. 40 n.a.
3.6.1997 n.a. n.a. 84 150 25.10.1999 n.a. n.a. 52 n.a.
17.11.1997 1393 264 290 130 31.10.1999 n.a. n.a. n.a. n.a.
21.4.1998 1527 3239 740 2154 2.11.1999 n.a. n.a. 53 n.a.
23.4.1998 3102 210 1308 643 8.11.1999 n.a. n.a. 60 n.a.
27.4.1998 777 1015 154 1855 25.4.2000 57 152 133 274
28.4.1998 105 28 87 245 27.4.2000 54 118 84 109
4.5.1998 293 94 98 955 2.5.2000 19 66 56 137
5.5.1998 740 8341 829 1758 4.5.2000 41 43 132 154
11.5.1998 31 76 95 231 8.5.2000 36 109 354 n.a.
13.5.1998 28 89 73 339 10.5.2000 n.a. n.a. 100 n.a.
18.5.1998 80 92 69 663 15.5.2000 n.a. n.a. 87 n.a.
25.5.1998 13 404 143 513 17.5.2000 n.a. n.a. 124 n.a.
17.6.1998 42 341 610 115 29.5.2000 n.a. n.a. 144 n.a.
23.6.1998 34 20 771 128 5.6.2000 n.a. n.a. 683 352
29.6.1998 31 2113 294 670 12.6.2000 n.a. n.a. 179 n.a.
27.7.1998 65 593 247 n.a. 24.8.2000 174 n.a. n.a. n.a.
3.8.1998 142 1610 147 1503 4.9.2000 n.a. 96 n.a. 432
11.8.1998 50 178 694 1152 12.9.2000 n.a. 156 n.a. 139
17.8.1998 46 123 337 192 18.9.2000 n.a. 73 n.a. n.a.
24.8.1998 60 1293 535 459 18.10.2000 n.a. 52 n.a. 211
1.9.1998 136 620 114 4245 23.10.2000 26 54 80 182
8.9.1998 1254 617 611 3484 2.11.2000 24 61 108 180
17.9.1998 2865 720 1212 1964 6.11.2000 26 52 162 153
23.9.1998 222 1529 1351 4100 9.11.2000 65 n.a. 32 n.a.
1.10.1998 149 761 837 3082 13.11.2000 32 n.a. 100 160
7.10.1998 216 639 354 848 15.11.2000 29 n.a. 70 150
13.10.1998 98 662 241 442 20.11.2000 14 n.a. 93 212
21.10.1998 67 56 503 108 23.11.2000 58 81 51 159
26.10.1998 181 1020 397 130 27.11.2000 88 201 63 370
29.10.1998 250 159 209 685 29.11.2000 21 58 79 144
2.11.1998 423 165 495 534 4.12.2000 32 126 62 170
5.11.1998 216 285 492 633 7.12.2000 50 96 56 245
9.11.1998 331 708 356 1854 11.12.2000 81 47 80 3394
12.11.1998 658 294 655 950 18.12.2000 27 234 59 159
18.11.1998 1176 3249 528 5037 27.12.2000 n.a. n.a. 59 n.a.
23.11.1998 3120 1549 1967 3817 18.4.2001 25 41 75 130
2.12.1998 967 1669 308 1172 24.4.2001 28 35 63 310
10.12.1998 306 784 202 794 2.5.2001 130 92 230 1100
14.12.1998 390 695 156 388 7.5.2001 54 25 49 110
21.12.1998 201 400 121 690 16.5.2001 27 n.a. 37 n.a.
28.12.1998 303 1699 213 989 21.5.2001 16 65 67 300
19.1.1999 881 n.a. 274 4541 28.5.2001 8 n.a. 36 n.a.
15.4.1999 189 253 282 590 15.10.2001 24 74 50 1900
20.4.1999 24 165 90 81 22.10.2001 23 480 57 160
22.4.1999 26 132 56 80 30.10.2001 32 220 76 270
27.4.1999 21 528 56 96 6.11.2001 13 n.a. 49 n.a.
29.4.1999 14 331 32 186 12.11.2001 16 200 49 170
4.5.1999 23 567 49 376 19.11.2001 33 n.a. 47 n.a.
6.5.1999 95 273 87 127 26.11.2001 75 n.a. 83 n.a.
10.5.1999 154 933 83 1009 17.4.2002 13 21 72 88
18.5.1999 n.a. n.a. n.a. n.a. 2.5.2002 12 17 36 97
13.10.1999 36 n.a. 42 n.a. 16.5.2002 8 70 43 130
n.a.= not analysed n.a.= not analysed
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Ilmajoki: filtrated iron
[µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1]
Fe, filt Fe, filt Fe, filt Fe, filt Fe, filt Fe, filt Fe, filt Fe, filt
plot P2 P4 P1 P3 plot P2 P4 P1 P3
 date LFD+CD LFD CD REF  date LFD+CD LFD CD REF
28.11.1996 n.a. n.a. n.a. n.a. 18.10.1999 13 n.a. 39 n.a.
3.6.1997 n.a. n.a. n.a. n.a. 25.10.1999 n.a. n.a. 40 n.a.
17.11.1997 n.a. n.a. n.a. n.a. 31.10.1999 n.a. n.a. n.a. n.a.
21.4.1998 n.a. n.a. n.a. n.a. 2.11.1999 n.a. n.a. 41 n.a.
23.4.1998 n.a. n.a. n.a. n.a. 8.11.1999 n.a. n.a. 49 n.a.
27.4.1998 n.a. n.a. n.a. n.a. 25.4.2000 10 16 42 96
28.4.1998 n.a. n.a. n.a. n.a. 27.4.2000 5 5 48 101
4.5.1998 n.a. n.a. n.a. n.a. 2.5.2000 7 6 46 129
5.5.1998 n.a. n.a. n.a. n.a. 4.5.2000 27 42 73 125
11.5.1998 n.a. n.a. n.a. n.a. 8.5.2000 29 39 66 n.a.
13.5.1998 n.a. n.a. n.a. n.a. 10.5.2000 n.a. n.a. 55 n.a.
18.5.1998 n.a. n.a. n.a. n.a. 15.5.2000 n.a. n.a. 49 n.a.
25.5.1998 n.a. n.a. n.a. n.a. 17.5.2000 n.a. n.a. 65 n.a.
17.6.1998 n.a. n.a. n.a. n.a. 29.5.2000 n.a. n.a. 60 n.a.
23.6.1998 n.a. n.a. n.a. n.a. 5.6.2000 n.a. n.a. 76 135
29.6.1998 n.a. n.a. n.a. n.a. 12.6.2000 n.a. n.a. 112 n.a.
27.7.1998 n.a. n.a. n.a. n.a. 24.8.2000 175 n.a. n.a. n.a.
3.8.1998 n.a. n.a. n.a. n.a. 4.9.2000 n.a. 98 n.a. 430
11.8.1998 n.a. n.a. n.a. n.a. 12.9.2000 n.a. 147 n.a. 33
17.8.1998 n.a. n.a. n.a. n.a. 18.9.2000 n.a. 46 n.a. n.a.
24.8.1998 n.a. n.a. n.a. n.a. 18.10.2000 n.a. 36 n.a. 152
1.9.1998 n.a. n.a. n.a. n.a. 23.10.2000 19 46 70 157
8.9.1998 n.a. n.a. n.a. n.a. 2.11.2000 10 5 44 114
17.9.1998 n.a. n.a. n.a. n.a. 6.11.2000 5 6 41 104
23.9.1998 n.a. n.a. n.a. n.a. 9.11.2000 5 n.a. 46 n.a.
1.10.1998 n.a. n.a. n.a. n.a. 13.11.2000 6 n.a. 102 162
7.10.1998 n.a. n.a. n.a. n.a. 15.11.2000 7 n.a. 47 136
13.10.1998 n.a. n.a. n.a. n.a. 20.11.2000 6 n.a. 61 145
21.10.1998 n.a. n.a. n.a. n.a. 23.11.2000 n.a. 52 47 139
26.10.1998 n.a. n.a. n.a. n.a. 27.11.2000 6 24 n.a. 145
29.10.1998 n.a. n.a. n.a. n.a. 29.11.2000 5 24 46 146
2.11.1998 n.a. n.a. n.a. n.a. 4.12.2000 7 26 41 138
5.11.1998 n.a. n.a. n.a. n.a. 7.12.2000 8 24 41 137
9.11.1998 n.a. n.a. n.a. n.a. 11.12.2000 44 5 12 122
12.11.1998 n.a. n.a. n.a. n.a. 18.12.2000 5 44 43 141
18.11.1998 n.a. n.a. n.a. n.a. 27.12.2000 56 n.a. 53 n.a.
23.11.1998 n.a. n.a. n.a. n.a. 18.4.2001 5 5 58 89
2.12.1998 n.a. n.a. n.a. n.a. 24.4.2001 5 5 39 90
10.12.1998 n.a. n.a. n.a. n.a. 2.5.2001 5 10 60 130
14.12.1998 n.a. n.a. n.a. n.a. 7.5.2001 5 5 49 94
21.12.1998 n.a. n.a. n.a. n.a. 16.5.2001 6 n.a. 35 n.a.
28.12.1998 n.a. n.a. n.a. n.a. 21.5.2001 5 6 34 94
19.1.1999 n.a. n.a. n.a. n.a. 28.5.2001 5 n.a. 29 n.a.
15.4.1999 12 13 117 51 15.10.2001 14 43 46 160
20.4.1999 10 10 14 54 22.10.2001 5 44 56 150
22.4.1999 10 10 28 67 30.10.2001 7 37 62 150
27.4.1999 10 10 68 82 6.11.2001 6 n.a. 45 n.a.
29.4.1999 10 32 14 74 12.11.2001 7 46 44 160
4.5.1999 11 68 23 104 19.11.2001 13 n.a. 44 n.a.
6.5.1999 5 23 52 91 26.11.2001 7 n.a. 41 n.a.
10.5.1999 15 185 50 321 17.4.2002 5 5 14 74
18.5.1999 n.a. n.a. n.a. n.a. 2.5.2002 7 7 28 90
13.10.1999 8 n.a. 36 n.a. 16.5.2002 5 31 37 120
n.a.= not analysed n.a.= not analysed
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Ilmajoki: total aluminium
[µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1]
Al, tot Al, tot Al, tot Al, tot Al, tot Al, tot Al, tot Al, tot
plot P2 P4 P1 P3 plot P2 P4 P1 P3
 date LFD+CD LFD CD REF  date LFD+CD LFD CD REF
28.11.1996 12900 18500 17100 21500 18.10.1999 n.a. n.a. n.a. n.a.
3.6.1997 n.a. n.a. 14700 23800 25.10.1999 n.a. n.a. n.a. n.a.
17.11.1997 4600 18500 1500 2900 31.10.1999 n.a. n.a. n.a. n.a.
21.4.1998 3450 3868 3709 2327 2.11.1999 n.a. n.a. n.a. n.a.
23.4.1998 2539 1673 1269 n.a. 8.11.1999 n.a. n.a. n.a. n.a.
27.4.1998 21589 6668 6419 21950 25.4.2000 4700 10000 15000 20000
28.4.1998 1186 571 4942 1450 27.4.2000 5200 6800 17000 22000
4.5.1998 7260 1296 5980 3730 2.5.2000 3900 8700 14000 27000
5.5.1998 11775 10268 8043 8507 4.5.2000 11000 9300 22000 29000
11.5.1998 882 4477 1307 18375 8.5.2000 15000 15000 18000 n.a.
13.5.1998 805 10730 2820 21812 10.5.2000 n.a. n.a. 19000 n.a.
18.5.1998 513 47762 6002 24812 15.5.2000 n.a. n.a. 16000 n.a.
25.5.1998 507 85662 4067 17260 17.5.2000 n.a. n.a. 17000 n.a.
17.6.1998 962 8797 1996 1530 29.5.2000 n.a. n.a. 16000 n.a.
23.6.1998 1231 5156 3234 14519 5.6.2000 n.a. n.a. 19000 30000
29.6.1998 674 n.a. 2713 16787 12.6.2000 n.a. n.a. 18000 n.a.
27.7.1998 1509 16600 2419 n.a. 24.8.2000 24000 n.a. n.a. n.a.
3.8.1998 5740 23192 2752 7246 4.9.2000 n.a. 16000 n.a. 27000
11.8.1998 2364 2748 4182 20125 12.9.2000 n.a. 25000 n.a. 17000
17.8.1998 1925 15280 3025 15325 18.9.2000 n.a. 21000 n.a. n.a.
24.8.1998 2983 98825 4508 19550 18.10.2000 n.a. 20000 n.a. 27000
1.9.1998 4672 27500 21862 24675 23.10.2000 12000 19000 13000 28000
8.9.1998 n.a. 26700 11150 23562 2.11.2000 5000 9800 11000 23000
17.9.1998 39975 23037 10580 24400 6.11.2000 6200 12000 13000 22000
23.9.1998 27000 30000 15000 25000 9.11.2000 13000 n.a. 4500 n.a.
1.10.1998 16000 25000 15000 26000 13.11.2000 n.a. n.a. 11000 26000
7.10.1998 19000 20000 14000 24000 15.11.2000 4300 n.a. 11000 26000
13.10.1998 11000 11000 16000 28000 20.11.2000 n.a. n.a. n.a. 26000
21.10.1998 13000 5800 14000 19000 23.11.2000 n.a. n.a. n.a. n.a.
26.10.1998 53000 38000 13000 20000 27.11.2000 n.a. n.a. n.a. n.a.
29.10.1998 38000 17000 16000 21000 29.11.2000 n.a. n.a. n.a. n.a.
2.11.1998 94000 39000 16000 24000 4.12.2000 n.a. n.a. n.a. n.a.
5.11.1998 36000 41000 16000 24000 7.12.2000 n.a. n.a. n.a. n.a.
9.11.1998 55000 35000 16000 27000 11.12.2000 n.a. n.a. n.a. n.a.
12.11.1998 26000 17000 17000 24000 18.12.2000 n.a. n.a. n.a. n.a.
18.11.1998 6600 3600 14000 9900 27.12.2000 n.a. n.a. n.a. n.a.
23.11.1998 6600 3800 4700 3100 18.4.2001 1100 4500 17000 22000
2.12.1998 2900 5600 10000 12600 24.4.2001 6300 5900 14000 20000
10.12.1998 14800 2000 16000 4400 2.5.2001 19000 5600 16000 20000
14.12.1998 19000 4100 16000 7800 7.5.2001 11000 6300 16000 24000
21.12.1998 21000 2400 16000 8900 16.5.2001 5000 n.a. 14000 n.a.
28.12.1998 14000 8200 13000 n.a. 21.5.2001 4200 7400 12000 21000
19.1.1999 n.a. n.a. n.a. n.a. 28.5.2001 2200 n.a. 8800 n.a.
15.4.1999 4200 1500 3600 7900 15.10.2001 8000 17000 13000 25000
20.4.1999 1800 2400 6300 13000 22.10.2001 6800 26000 14000 27000
22.4.1999 1800 3800 7500 15000 30.10.2001 11000 23000 15000 29000
27.4.1999 1600 11000 8600 19000 6.11.2001 6000 n.a. 13000 n.a.
29.4.1999 1500 5100 5500 18000 12.11.2001 3800 20000 13000 28000
4.5.1999 1300 5300 4600 20000 19.11.2001 11000 n.a. 14000 n.a.
6.5.1999 12000 14000 17000 23000 26.11.2001 24000 n.a. 13000 n.a.
10.5.1999 19000 5700 14000 15000 17.4.2002 480 2400 2400 19000
18.5.1999 11000 4700 13000 n.a. 2.5.2002 770 3600 7700 20000
13.10.1999 n.a. n.a. n.a. n.a. 16.5.2002 1300 19000 12000 30000
n.a.= not analysed n.a.= not analysed
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .56 The Finnish Environment 732
Ilmajoki: filtrated aluminium
[µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1]
Al, filt Al, filt Al, filt Al, filt Al, filt Al, filt Al, filt Al, filt
plot P2 P4 P1 P3 plot P2 P4 P1 P3
 date LFD+CD LFD CD REF  date LFD+CD LFD CD REF
28.11.1996 n.a. n.a. n.a. n.a. 18.10.1999 n.a. n.a. n.a. n.a.
3.6.1997 n.a. n.a. n.a. n.a. 25.10.1999 n.a. n.a. n.a. n.a.
17.11.1997 n.a. n.a. n.a. n.a. 31.10.1999 n.a. n.a. n.a. n.a.
21.4.1998 n.a. n.a. n.a. n.a. 2.11.1999 n.a. n.a. n.a. n.a.
23.4.1998 n.a. n.a. n.a. n.a. 8.11.1999 n.a. n.a. n.a. n.a.
27.4.1998 n.a. n.a. n.a. n.a. 25.4.2000 210 760 15000 20000
28.4.1998 n.a. n.a. n.a. n.a. 27.4.2000 300 200 17000 22000
4.5.1998 n.a. n.a. n.a. n.a. 2.5.2000 650 1700 14000 27000
5.5.1998 n.a. n.a. n.a. n.a. 4.5.2000 6400 3000 21000 28000
11.5.1998 n.a. n.a. n.a. n.a. 8.5.2000 15000 14000 17000 n.a.
13.5.1998 n.a. n.a. n.a. n.a. 10.5.2000 n.a. n.a. 18000 n.a.
18.5.1998 n.a. n.a. n.a. n.a. 15.5.2000 n.a. n.a. 16000 n.a.
25.5.1998 n.a. n.a. n.a. n.a. 17.5.2000 n.a. n.a. 16000 n.a.
17.6.1998 n.a. n.a. n.a. n.a. 29.5.2000 n.a. n.a. 16000 n.a.
23.6.1998 n.a. n.a. n.a. n.a. 5.6.2000 n.a. n.a. 18000 30000
29.6.1998 n.a. n.a. n.a. n.a. 12.6.2000 n.a. n.a. 17000 n.a.
27.7.1998 n.a. n.a. n.a. n.a. 24.8.2000 24000 n.a. n.a. n.a.
3.8.1998 n.a. n.a. n.a. n.a. 4.9.2000 n.a. 15000 n.a. 27000
11.8.1998 n.a. n.a. n.a. n.a. 12.9.2000 n.a. 25000 n.a. 17000
17.8.1998 n.a. n.a. n.a. n.a. 18.9.2000 n.a. 20000 n.a. n.a.
24.8.1998 n.a. n.a. n.a. n.a. 18.10.2000 n.a. 20000 n.a. 27000
1.9.1998 n.a. n.a. n.a. n.a. 23.10.2000 12000 19000 13000 28000
8.9.1998 n.a. n.a. n.a. n.a. 2.11.2000 230 850 11000 21000
17.9.1998 n.a. n.a. n.a. n.a. 6.11.2000 n.a. 830 13000 21000
23.9.1998 n.a. n.a. n.a. n.a. 9.11.2000 220 n.a. 12000 n.a.
1.10.1998 n.a. n.a. n.a. n.a. 13.11.2000 250 n.a. 11000 26000
7.10.1998 n.a. n.a. n.a. n.a. 15.11.2000 570 n.a. 11000 25000
13.10.1998 n.a. n.a. n.a. n.a. 20.11.2000 n.a. n.a. n.a. n.a.
21.10.1998 n.a. n.a. n.a. n.a. 23.11.2000 n.a. n.a. n.a. n.a.
26.10.1998 n.a. n.a. n.a. n.a. 27.11.2000 n.a. n.a. n.a. n.a.
29.10.1998 n.a. n.a. n.a. n.a. 29.11.2000 n.a. n.a. n.a. n.a.
2.11.1998 n.a. n.a. n.a. n.a. 4.12.2000 n.a. n.a. n.a. n.a.
5.11.1998 n.a. n.a. n.a. n.a. 7.12.2000 n.a. n.a. n.a. n.a.
9.11.1998 n.a. n.a. n.a. n.a. 11.12.2000 n.a. n.a. n.a. n.a.
12.11.1998 n.a. n.a. n.a. n.a. 18.12.2000 n.a. n.a. n.a. n.a.
18.11.1998 n.a. n.a. n.a. n.a. 27.12.2000 n.a. n.a. n.a. n.a.
23.11.1998 n.a. n.a. n.a. n.a. 18.4.2001 150 490 17000 22000
2.12.1998 n.a. n.a. n.a. n.a. 24.4.2001 130 620 14000 19000
10.12.1998 n.a. n.a. n.a. n.a. 2.5.2001 350 370 15000 19000
14.12.1998 n.a. n.a. n.a. n.a. 7.5.2001 290 270 16000 24000
21.12.1998 n.a. n.a. n.a. n.a. 16.5.2001 130 n.a. 14000 n.a.
28.12.1998 n.a. n.a. n.a. n.a. 21.5.2001 660 640 11000 21000
19.1.1999 n.a. n.a. n.a. n.a. 28.5.2001 320 n.a. 8700 n.a.
15.4.1999 360 180 2100 6100 15.10.2001 3700 16000 13000 12000
20.4.1999 140 180 4700 13000 22.10.2001 1100 19000 13000 27000
22.4.1999 230 400 6700 15000 30.10.2001 5800 19000 13000 27000
27.4.1999 280 530 8200 18000 6.11.2001 2200 n.a. 13000 n.a.
29.4.1999 220 700 4500 18000 12.11.2001 890 19000 13000 28000
4.5.1999 260 1500 4000 20000 19.11.2001 5300 n.a. 14000 n.a.
6.5.1999 1400 2100 16000 22000 26.11.2001 2900 n.a. 13000 n.a.
10.5.1999 4400 2600 14000 15000 17.4.2002 100 330 920 18000
18.5.1999 6100 3300 12000 n.a. 2.5.2002 240 1200 7500 20000
13.10.1999 n.a. n.a. n.a. n.a. 16.5.2002 220 16000 12000 30000
n.a.= not analysed n.a.= not analysed
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Ilmajoki: total nitrogen and nitrite-nitrate nitrogen
[mg l-1] [mg l-1] [mg l-1] [mg l-1] [mg l-1] [mg l-1] [mg l-1] [mg l-1]
Ntot Ntot Ntot Ntot NO23N NO23N NO23N NO23N
plot P2 P4 P1 P3 P2 P4 P1 P3
 date LFD+CD LFD CD REF LFD+CD LFD CD REF
28.11.1996 11.2 14.6 10.2 13.4 10.0 12.6 9.2 11.8
3.6.1997 n.a. n.a. 8.3 12.4 n.a. n.a. 7.5 10.9
17.11.1997 9.9 19.2 7.3 18.8 8.7 16.8 6.6 16.0
15.4.1999 7.7 7.4 5.1 7.3 n.a. n.a. n.a. n.a.
20.4.1999 9.1 8.6 7.1 8.2 n.a. n.a. n.a. n.a.
27.4.1999 10.1 10.1 8.3 9.6 9.3 9.2 7.7 9.4
29.4.1999 10.0 9.3 7.7 11.0 n.a. n.a. n.a. n.a.
4.5.1999 9.5 0.01 8.3 11.0 n.a. n.a. n.a. n.a.
6.5.1999 n.a. 9.8 8.3 11.3 n.a. n.a. n.a. n.a.
10.5.1999 7.7 7.8 7.0 7.9 6.7 7.0 6.5 7.0
18.5.1999 7.3 5.0 6.7 n.a. 6.2 4.3 5.8 n.a.
31.5.1999 n.a. 1.0 n.a. n.a. n.a. 0.1 n.a. n.a.
13.10.1999 10.0 n.a. 10.9 n.a. 8.8 n.a. 11.3 n.a.
1.12.1999 12.0 n.a. 10.5 n.a. 11.2 n.a. 9.4 n.a.
8.5.2000 10.8 15.1 10.8 n.a. 9.8 12.5 9.8 n.a.
10.5.2000 n.a. n.a. 9.4 n.a. n.a. n.a. 9.2 n.a.
15.5.2000 n.a. n.a. 10.9 n.a. n.a. n.a. 9.0 n.a.
17.5.2000 n.a. n.a. 9.7 n.a. n.a. n.a. 9.1 n.a.
29.5.2000 n.a. n.a. 9.5 n.a. n.a. n.a. 8.7 n.a.
5.6.2000 n.a. n.a. 9.9 9.8 n.a. n.a. 9.1 8.5
12.6.2000 n.a. n.a. 10.0 n.a. n.a. n.a. 9.3 n.a.
24.8.2000 12.2 n.a. n.a. n.a. 10.8 n.a. n.a. n.a.
4.9.2000 n.a. 16.9 n.a. 14.4 n.a. 12.3 n.a. 11.8
12.9.2000 n.a. 13.3 n.a. 15.6 n.a. 12.6 n.a. 13.4
18.9.2000 n.a. 14.6 n.a. n.a. n.a. 13.7 n.a. n.a.
18.10.2000 n.a. 14.3 n.a. 13.6 n.a. 13.4 n.a. 12.3
23.10.2000 11.9 13.4 10.4 14.7 11.5 13.1 9.9 11.7
2.11.2000 19.8 13.5 15.9 14.4 12.6 12.1 12.1 11.6
6.11.2000 13.6 14.0 13.0 12.7 11.3 11.9 10.7 10.9
9.11.2000 12.5 n.a. 12.9 n.a. 10.2 n.a. 11.0 n.a.
13.11.2000 11.3 n.a. 12.2 13.8 9.9 n.a. 10.7 11.4
15.11.2000 11.3 n.a. 12.0 13.1 9.1 n.a. 10.1 11.1
20.11.2000 10.9 n.a. 11.4 12.4 9.2 n.a. 10.4 10.8
23.11.2000 10.7 15.0 12.2 14.2 8.6 12.6 10.0 12.2
27.11.2000 13.4 13.9 9.8 12.7 9.5 11.9 8.0 10.7
29.11.2000 13.0 14.0 9.7 13.2 10.0 12.0 8.2 11.0
4.12.2000 10.8 14.3 11.3 12.6 9.6 11.7 9.9 10.8
7.12.2000 11.9 14.1 11.0 12.8 9.7 11.9 9.0 10.7
11.12.2000 11.9 11.4 13.5 12.4 10.0 9.9 11.2 10.4
18.12.2000 11.5 13.2 11.9 13.6 9.3 10.8 9.2 11.1
27.12.2000 11.1 n.a. 11.5 n.a. 9.2 n.a. 9.3 n.a.
18.4.2001 8.2 8.9 8.9 8.6 7.2 8.0 7.8 7.0
24.4.2001 9.2 9.3 9.6 8.0 8.2 8.3 8.8 7.2
2.5.2001 10.0 9.6 12.0 9.5 8.1 8.0 9.6 7.8
7.5.2001 11.0 9.8 11.0 11.0 9.3 8.9 9.3 8.6
16.5.2001 12.0 n.a. 11.0 n.a. 8.7 n.a. 9.0 n.a.
21.5.2001 11.0 11.0 13.0 9.4 9.0 9.6 11.0 8.1
28.5.2001 9.0 n.a. 12.0 n.a. 8.7 n.a. 11.0 n.a.
15.10.2001 12.0 13.0 13.0 13.0 11.0 12.0 13.0 11.0
22.10.2001 12.0 13.0 12.0 12.0 11.0 12.0 11.0 12.0
30.10.2001 11.0 12.0 9.9 12.0 11.0 11.0 9.1 10.0
6.11.2001 13.0 n.a. 14.0 n.a. 12.0 n.a. 13.0 n.a.
12.11.2001 12.0 12.0 12.0 13.0 12.0 12.0 13.0 13.0
19.11.2001 11.0 n.a. 13.0 n.a. 11.0 n.a. 12.0 n.a.
26.11.2001 13.0 n.a. 11.0 n.a. 11.0 n.a. 6.9 n.a.
17.4.2002 8.2 6.5 8.0 7.3 7.1 5.8 6.1 6.2
2.5.2002 9.1 7.6 11.0 7.8 8.3 6.5 9.8 6.9
16.5.2002 10.0 10.0 10.0 12.0 9.7 9.2 10.0 11.0
n.a. = not analysed
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Ilmajoki: ammonia nitrogen and total and phosphate phosphorus
[mg l-1] [mg l-1] [mg l-1] [mg l-1] [µg l-1] [µg l-1] [µg l-1] [µg l-1]
NH4N NH4N NH4N NH4N P, tot P, tot P, tot P, tot
plot P2 P4 P1 P3 plot P2 P4 P1 P3
 date LFD+CD LFD CD REF  date LFD+CD LFD CD REF
28.11.1996 0.102 0.334 0.015 0.351 28.11.1996 21.3 27.1 15.4 12.5
3.6.1997 n.a. n.a. 0.052 0.609 3.6.1997 n.a. n.a. 17.4 22.4
17.11.1997 0.160 0.336 0.012 0.181 17.11.1997 94.4 75.2 127.4 13.5
15.4.1999 n.a. n.a. n.a. n.a. 15.4.1999 103.8 67.4 52.8 74.1
20.4.1999 n.a. n.a. n.a. n.a. 20.4.1999 68.3 26.9 57.0 13.2
27.4.1999 0.082 0.077 0.043 0.242 27.4.1999 89.6 27.4 166.5 14.1
29.4.1999 n.a. n.a. n.a. n.a. 29.4.1999 61.2 21.1 54.1 19.0
4.5.1999 n.a. n.a. n.a. n.a. 4.5.1999 54.9 19.4 42.4 39.0
6.5.1999 n.a. n.a. n.a. n.a. 6.5.1999 62.0 20.7 100.4 12.7
10.5.1999 0.002 0.005 0.005 0.002 10.5.1999 64.9 22.8 62.2 95.4
18.5.1999 0.138 0.043 0.081 n.a. 18.5.1999 37.2 49.3 49.1 n.a.
31.5.1999 n.a. 0.010 n.a. n.a. 31.5.1999 n.a. n.a. 165.3 n.a.
13.10.1999 0.025 n.a. 0.089 n.a. 13.10.1999 14.6 20.5 n.a. n.a.
1.12.1999 0.011 n.a. 0.058 n.a. 1.12.1999 15.9 20.9 n.a. n.a.
8.5.2000 0.044 0.188 0.062 n.a.
10.5.2000 n.a. n.a. 0.080 n.a. [µg l-1] [µg l-1] [µg l-1] [µg l-1]
15.5.2000 n.a. n.a. 0.061 n.a. PO4P PO4P PO4P PO4P
17.5.2000 n.a. n.a. 0.044 n.a. plot P2 P4 P1 P3
29.5.2000 n.a. n.a. 0.038 n.a.  date LFD+CD LFD CD REF
5.6.2000 n.a. n.a. 0.104 0.231 28.11.1996 11.5 10.9 9.0 6.8
12.6.2000 n.a. n.a. 0.035 n.a. 3.6.1997 n.a. n.a. 11.1 15.5
24.8.2000 0.067 n.a. n.a. n.a. 17.11.1997 46.7 33.2 77.4 7.0
4.9.2000 n.a. 0.036 n.a. 0.101 15.4.1999 n.a. n.a. n.a. n.a.
12.9.2000 n.a. 0.096 n.a. 0.022 20.4.1999 n.a. n.a. n.a. n.a.
18.9.2000 n.a. 0.040 n.a. n.a. 27.4.1999 62.5 18.9 119.2 11.2
18.10.2000 n.a. 0.032 n.a. 0.105 29.4.1999 n.a. n.a. n.a. n.a.
23.10.2000 0.081 0.032 0.079 0.104 4.5.1999 n.a. n.a. n.a. n.a.
2.11.2000 0.017 0.061 0.047 0.118 6.5.1999 n.a. n.a. n.a. n.a.
6.11.2000 0.021 0.038 0.066 0.116 10.5.1999 42.5 15.6 31.5 42.1
9.11.2000 0.045 n.a. 0.066 n.a. 18.5.1999 20.5 26.4 23.8 n.a.
13.11.2000 0.031 n.a. 0.044 0.152 31.5.1999 n.a. n.a. 93.0 n.a.
15.11.2000 0.046 n.a. 0.064 0.151 13.10.1999 6.6 11.0 n.a. n.a.
20.11.2000 0.047 n.a. 0.096 0.157 1.12.1999 8.8 14.3 n.a. n.a.
23.11.2000 0.034 0.053 0.045 0.177
27.11.2000 0.056 0.035 0.060 0.174
29.11.2000 0.054 0.045 0.068 0.171
4.12.2000 0.070 0.060 0.066 0.190
7.12.2000 0.052 0.055 0.074 0.194
11.12.2000 0.118 0.053 0.055 0.252
18.12.2000 0.058 0.055 0.097 0.208
27.12.2000 0.069 n.a. 0.090 n.a.
18.4.2001 0.030 0.038 0.050 0.270
24.4.2001 0.026 0.050 0.062 0.260
2.5.2001 0.045 0.052 0.069 0.330
7.5.2001 0.039 0.068 0.065 0.360
16.5.2001 0.038 n.a. 0.032 n.a.
21.5.2001 0.029 0.032 0.071 0.210
28.5.2001 0.018 n.a. 0.012 n.a.
15.10.2001 0.052 0.030 0.010 0.140
22.10.2001 0.014 0.037 0.014 0.110
30.10.2001 0.021 0.022 0.039 0.099
6.11.2001 0.019 n.a. 0.016 n.a.
12.11.2001 0.005 0.048 0.013 0.230
19.11.2001 0.018 n.a. 0.016 n.a.
26.11.2001 0.025 n.a. 0.047 n.a.
17.4.2002 0.024 0.045 0.069 0.230
2.5.2002 0.017 0.034 0.021 0.210
16.5.2002 0.013 0.130 0.016 0.630
n.a. = not analysed
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Annex 2: Comparison of reference plot results in Ilmajoki and
Mustasaari
Figure 1. Measured pH in drainage water from the reference plots in Ilmajoki and Mustasaari.
Figure 2. Measured acidity in drainage water from the reference plots in Ilmajoki and Mustasaari.
Figure 3. Measured sulphate sulphur concentrations in drainage water from the reference plots in Ilmajoki
and Mustasaari.
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Figure 4. Measured total managese concentrations in drainage water from the reference plots in Ilmajoki
and Mustasaari.
Figure 5. Measured total iron concentrations in drainage water from the reference plots in Ilmajoki and Mus-
tasaari.
Figure 6. Measured total aluminium concentrations in drainage water from the reference plots in Ilmajoki
and Mustasaari.
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Annex 3: Chemical analysis - effect of methods applied
pH
Figure 1. The absolute change in drainage water pH in Ilmajoki due to the methods applied: combined lime
filter drainage and control drainage (LFD+CD), lime filter drainage (LFD) and control drainage (CD).
Figure 2. The relative change in drainage water pH in Mustasaari due to the methods applied: combined
lime filter drainage and control drainage (LFD+CD), lime filter drainage (LFD), control drainage (CD) and
surface liming (SL).
Figure 3. The relative change in drainage water acidity in Ilmajoki due to the methods applied: combined
lime filter drainage and control drainage (LFD+CD), lime filter drainage (LFD) and control drainage (CD).
Acidity
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Figure 4. The relative change in drainage water acidity in Mustasaari due to the methods applied: combined
lime filter drainage and control drainage (LFD+CD), lime filter drainage (LFD), control drainage (CD) and
surface liming (SL).
Figure 5. The relative change in drainage water SO4-S concentration in Ilmajoki due to the methods applied:
combined lime filter drainage and control drainage (LFD+CD), lime filter drainage (LFD) and control draina-
ge (CD).
Figure 6. The relative change in drainage water SO4-S concentration in Mustasaari due to the methods app-
lied: combined lime filter drainage and control drainage (LFD+CD), lime filter drainage (LFD), control drai-
nage (CD) and surface liming (SL).
SO4-S concentration
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Figure 7. The relative change in drainage water Mn concentration in Ilmajoki due to the methods applied:
combined lime filter drainage and control drainage (LFD+CD), lime filter drainage (LFD) and control draina-
ge (CD).
Figure 8. The relative change in drainage water Mn concentration in Mustasaari due to the methods applied:
combined lime filter drainage and control drainage (LFD+CD), lime filter drainage (LFD), control drainage
(CD) and surface liming (SL).
Figure 9. The relative change in drainage water Fe tot (a) and Fe filt (b) concentrations in Ilmajoki due to
the methods applied: combined lime filter drainage and control drainage (LFD+CD), lime filter drainage
(LFD) and control drainage (CD).
Total Mn concentration
Total and filtrated Fe concentrations
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .64 The Finnish Environment 732
Figure 10. The relative change in drainage water Fe tot concentrations in Mustasaari due to the methods
applied: combined lime filter drainage and control drainage (LFD+CD), lime filter drainage (LFD), control
drainage (CD) and surface liming (SL).
Figure 11. The relative change in drainage water Al tot (a) and Al filt (b) concentrations in Ilmajoki due to
the methods applied: combined lime filter drainage and control drainage (LFD+CD), lime filter drainage
(LFD) and control drainage (CD).
Figure 12. The relative change in drainage water tot Al concentrations in Mustasaari due to the methods
applied: combined lime filter drainage and control drainage (LFD+CD), lime filter drainage (LFD), control
drainage (CD) and surface liming (SL).
Total and filtrated Al concentrations
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Figure 15. The relative change in drainage water totN concentrations in Ilmajoki due to the methods app-
lied: combined lime filter drainage and control drainage (LFD+CD), lime filter drainage (LFD) and control
drainage (CD).
Figure 13. The relative change in drainage water NH4-N concentrations in Ilmajoki due to the methods app-
lied: combined lime filter drainage and control drainage (LFD+CD), lime filter drainage (LFD) and control
drainage (CD).
Figure 14. The relative change in drainage water NO23-N concentrations in Ilmajoki due to the methods
applied: combined lime filter drainage and control drainage (LFD+CD), lime filter drainage (LFD) and cont-
rol drainage (CD).
Nitrogen concentrations
Date
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Under Litorinaperioden avlagrades svavelrika sediment i Östersjön i vilka sura sulfatjordar senare
har utvecklats. I Finland är ca. 16% av landets åkermark på sura sulfatjordar men deras svavel-
mängd varierar kraftigt. Dessa jordar befinner sig huvudsakligen i kustområden kring Bottniska
viken. Jorden försuras vid dräneringen då det ursprungliga svavlet i sulfidform oxideras till sva-
velsyra. Samtidigt frigörs metaller till markvattnet och vidare till dräneringssystemen. Det sura
vattnet och de i vattnet upplösta skadliga metallerna förorsakar nedsatt tillväxt och ökad dödlighet
hos känsliga arter såsom lax, gös, mört, snäckor och kräftor. Flera alternativa metoder som intensi-
fierad ytkalkning av marken (YK), kalkfilterdränering (KFD) och kontrollerad dränering (KD) har
föreslagits som tekniker för att minska försurningen. Med kalkning neutraliseras den bildade sur-
heten medan KD strävar till att hålla sulfidskikten under grundvattenytan vilket förhindrar oxide-
ringen av sulfiderna och därmed produktionen av surhet.
I denna rapport presenteras HAPSU projektets resultat från två försöksfält i kustområdet vid den
Bottniska viken: från Ilmajoki åren 1998-2002 och Korsholm åren 1999-2001. I undersökningen ut-
reddes med vilken effektivitet YK, KFD och KD kan förbättra kvaliteten på dräneringsvattnet. De
variablerna som bestämdes var vattnets pH och aciditet samt koncentrationen av sulfat, järn, man-
gan och aluminium.
Resultaten visar att försöksfälten skiljer sig från varandra med avseende på fysikaliska och kemiska
egenskaper. I Ilmajoki börjar sulfidskikten på ett djup av 2 m medan de i Korsholm befinner sig be-
tydligt närmare markytan. Egenskaperna beror på områdens historia. Ilmajoki försöksfält befinner
sig i ett område som nu ligger 47 m ovanför havsytan och som länge har varit i bruk – dränerad se-
dan 1930-talet och dikat 100 år därutöver. Försöksfältet i Korsholm ligger i höjd med nuvarande
havsyta och har tagits i bruk först på 1950-talet. Tydliga skillnader observerades i dräneringsvatt-
nens metallhalter och markegenskaperna påverkar enligt resultaten betydligt även effektiviteten
av de studerade metoderna. Även om pH-minimum i jordprofilen är i samma storleksordning (ca.
4), ligger minimet på ett djup av 1 m i Korsholm medan det i Ilmajoki är betydligt djupare. I jordar
liknande de i Korsholm förblir sulfidskikten om somrarna ovanför grundvattenytan och produce-
rar därmed rikligt med surhet till urlakningsvattnen, trots KD. I försöksfälten i Ilmajoki kunde man
visa att dräneringsvattnets pH kunde höjas med 1.5 pH-enheter med KFD, med kombinerad
KFD+KD t.o.m. 2 pH-enheter jämfört med normal dränering, ännu fem år efter installationen av
dräneringssystemen. I Korsholm räckte inte neutraliseringsförmågan av KFD till för att minska den
höga surheten i dessa vatten.
Ilona Bärlund, Sirkka Tattari, Markku Yli-Halla och Mats Åström
Sofistikerade dräneringsmetoders inverkan på grundvattennivå och dräneringsvattnets kvalitet
på sura sulfatjordar - HAPSU-projektets slutrapport
sura sulfatjordar, kontrollerad dränering, kalkfilterdränering, urlakning, aciditet, metaller
Inverkan av kontrollerad dränering, kalkfilterdränering och ytlig kalkning på dräneringsvattnets
kvalitet på sura sulfatjordar (HAPSU) XRF305
Jord- och skogsbruksministeriet, Maa- ja Vesitekniikan tuki ry
Finlands miljöcentral, Forskningscentralen för jordbruk och livsmedelsekonomi,
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Effects of sophisticated drainage techniques on groundwater
level and drainage water quality on acid sulphate soils
- Final report of the HAPSU project
On the coastal plains of western Finland many streams are periodically, during
snow melt in spring and heavy rains in autumn severely acidified and heavily
loaded with toxic metals. This gives rise to hydroecological problems. Methods like
intensified surface liming and drainage techniques such as controlled drainage and
lime filter drainage have been suggested to abate environmental problems induced
by acid sulphate soils. The effectiveness of these techniques on drainage water
quantity and quality has been studied on plot scale within the HAPSU project on
two sites in Finland: Ilmajoki (1998-2002) and Mustasaari (1999-2001). Primarily,
within this research work an insight into two different types of acid sulphate soils,
i.e. those at Ilmajoki and at Mustasaari, was gained as well as insight into their
variable effect on drainage water quality described by pH, acidity and SO4-S, Fe, Mn
and Al concentrations. The results indicate further that e.g. a rise in pH can be
achieved using lime filter drainage - this effect is even strengthened by combination
with control drainage - but that the effectiveness is dependent on the state of
development of the acid sulphate soils, i.e. their location in respect to the current
sea level. Decrease of the groundwater level owing to strong evapotranspiration in
summer in these areas could not be prevented by control drainage.
- Final report of the HAPSU project
